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In the recent discussions upon the origin of veins, two points 
of view have developed which are sharply contrasted with each 
other. By veins in this use is meant those deposits of ore and 
gangue, which have been brought into their present resting 
places as dissolved materials. Water is the well nigh universal 
solvent, but it may operate in the form of gas, and it may be 
associated with other gases or liquids. The probabilities are, 
however, that in the vast majority of cases water is the chief 
agent as practically all observers are agreed. 

The two contrasted points of view differ with regard to the 
source of the water. The older view attributes the water pri- 
marily to the rainfall and therefore it is called meteoric water. 
After falling upon the surface the meteoric water divides into 
three parts. The first, a relatively small portion, passes directly 
back into the atmosphere by evaporation; the second, the largest 
portion, joins at.once the surface drainage and is called the 
run-off; while the third, intermediate in amount, sinks into the 
ground and mingles with the ground waters. The ground- 


* Paper read before the Mexican meeting of the International Geological 
Congress, September 10, 1906. 
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waters rise in springs, usually fed from no great depth, and 
themselves pass into the surface drainage after but a small sub- 
terranean journey. The ground-waters stand at depths below 
the surface which depend upon the amount of rainfall; upon 
the nature of the rocks, whether open textured or tight; and 
upon the topography of the region. Where the rainfall is 
abundant the ground-water roughly follows the outline of the 
surface, but it is less pronounced in its relief. It is nearer the 
surface in valleys than on mountain sides, and in a swamp it is 
actually at the surface. In the arid regions the ground-waters 
stand very deep. At Mapimi, Mexico, in the lead-silver mines 
they were first met at about 700 meters below the surface 
Some observers have even questioned their necessary existence 
beneath excessively dry deserts. It may be therefore that locally 
they fail altogether. 

While as a rule the ground-water level is fairly definite yet 
it sometimes displays, even in the same mining district, great ir- 
regularity. Experience at Tintic, Utah, in an arid district re- 
vealed the following relations. In monzonite the ground-water 
stood near the surface and was accompanied by very little of the 
oxidized ores; whereas in limestone, a kilometer or two distant, 
it had not been met at 500 meters. At Butte, Montana, sec- 
ondary enrichment is evident down to 600 meters or more in 
granite and the water-level is quite irregular. 

The section of active circulation and work of the descending 
meteoric waters, between the surface and the ground-water level 
was called by Posepny the vadose or shallow region. It has 
been long recognized by miners as the home of the oxidized 
ores. It is the place of the preéminent and well-established 
work of the descending waters. The deep-waters are relatively 
motionless, and their movements, so far as visible, are com- 
paratively slow. But the really important feature of the ground- 
water as regards the filling of veins is the depth to which it 
extends. This remained a somewhat indefinite matter until 
Van Hise showed mathematically that cavities in the firmest 
rocks become impossibilities at about 10,000 meters. Obviously 
this depth marked therefore the physical possibility of range 
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for the ground-water. Down to some such-limiting depth as 
an extreme it .was believed by many to descend, to migrate 
laterally, to experience the normal increase of temperature with 
depth ; the effect of pressure; the increased efficiency as a solvent 
peculiar to the conditions; and finally with a burden of dis- 
solved gangue and ore to rise again, urged on by the “ head” 
of the descending column. In its ascent it was supposed to 
fill the veins. The writer, however, some years ago suggested 
that mining experience indicated that the known ground-waters 
were comparatively shallow and seldom extended lower than 
500-600 meters. This has been corroborated by a number of 
writers and John W. Finch,’ recent State Geologist of Colorado, 
assigns the ground-water a vertical range of but 300—450 meters, 
divided into “ Zone I., the gathering zone; Zone II., the dis- 
charging zone; and Zone III., the temporary and static zone.” 
Beyond question some such summary as this corresponds to what 
we have learned by actual experience in mining. . It is conceiv- 
able that during faulting and the formation of great dislocations 
this reservoir might be tapped into greater depths, and set in 
limited circulations through deeper seated rocks. But so far 
as these objections have weight they have greatly restricted the 
vertical range of the meteoric ground-waters as they were for- 
merly believed to exist. 

In contrast with the meteoric waters outlined above other 
waters are believed by many geologists to be given off by the 
deep-seated intrusive rocks, and are generally called magmatic: 
We are led to the belief in their existence by observing the vast 
quantities of steam and minor associated vapors which are 
emitted by volcanoes; by the difficulty of accounting in any 
other way for the amount and composition of certain hot- 
springs; and by the marked and characteristic association of 
almost all veins with eruptive rocks. That intrusive masses, in 
the form of dikes, sheets, laccoliths and batholiths have been 
genetically connected with the formation of veins is further 
brought out by the following general consideration which has 


*John W. Finch, “The Circulation of Underground Aqueous Solutions and 
the Deposition of Lode Ores,” Proc. Col. Sci. Soc., 1904, VII., 193-252. 
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hitherto received too little attention. Aside from pegmatites, 
veins rich enough to be mined and even large veins of the 
barren gangue-minerals are extremely rare phenomena, when 
we compare the regions containing them, with the vast areas 
of the earth which have been carefully searched for them and 
which have failed to reveal them. As components of the 
earth’s crust the useful metals except iron and aluminum are 
extremely rare. Some sharply localized, exceptional and briefly 
operative cause must have brought them into being. The uni- 
versal circulation of the ground-water of meteoric origin fails 
to meet this test, since if it is effective we ought at least to find 
veins of quartz and calcite fairly universal in older rocks. In 
North America, moreover, by far the greater number of veins 
which have been studied date from the Mesozoic and Tertiary 
times. The ore deposits of older date are chiefly of iron and 
manganese, many of which can be satisfactorily accounted for 
by the reactions of the surface and vadose region or by mag- 
matic differentiation. 

The more one reflects upon these actual relationships the 
more is one driven to the eruptive rocks as the one exceptional 
agent, operating in any event by the contributions of heat and 
energy, and probably also by emissions of magmatic waters. 
As an important corroboration of the last conclusion the con- 
tact zones produced by eruptive intrusions upon limestones have 
great significance, and since they are very abundant in Mexico 
and the southwestern states and territories of the United States; 
since they very often have copper ores and sometimes zinc and 
lead associated with them; and since some important new facts 
have been recently brought out regarding them, the entire sub- 
ject is herewith presented to the Congress. 

Contact metamorphism in general has long been one of the 
most attractive fields of petrographic research, and several local- 
ities where the investigations have been carried out, such as 
Predazzo, in the Tyrol; Barr-Andlau in the Vosges Mountains; 
Mt. Willard in New Hampshire and Pouzac in the Pyrenees 
have decome classic ground for geologists. We are all well 
aware that from aluminous rocks such as shales and slates, 
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andalusite, sillimanite, biotite and a few other minerals are pro- 
duced; whereas from limestones, garnet, vesuvianite, wollas- 
tonite, diopside, epidote, wernerite, and some less common lime- 
silicates result. Until very recently the belief has been general 
among observers that only from aluminous and siliceous lime- 
stones could the zones of silicates result and that otherwise 
where the eruptive came in contact with pure carbonate of lime, 
white crystalline marble would be alone produced. It has also 
been the general belief that grossularite, the lime-alumina garnet 
was the principal if not the sole variety of garnet present, and 
upon this assumption, now generally disproved, the reasoning 
regarding the development of the zones was based. Thus 
alumina and silica are the components which would be needed 
for grossularite. They are as a matter of fact commonly pres- 
ent in earthy limestones. It was natural, therefore, to infer 
that only where earthy limestones were penetrated by eruptives 
would garnet zones be developed and that where the limestone 
was pure, crystalline marble would alone result. Somewhat 
strangely the one significant line of investigation which would 
cast light upon these views has but recently and in a few cases 
been pursued. That is to gather and analyze specimens of un- 
altered limestone which would represent as closely as possible, 
according to the stratigraphical relations, the original rock from 
which the garnet and other lime-silicates had been developed. 
And further to collect and also analyze the garnets themselves 
in order to discover whether they were grossularite or not. 
This method has now been pursued in three cases—the first by 
the writer for the zones at San José in the State of Tamaulipas, 
Mexico, the second by Waldemar Lindgren for Morenci, Ari- 
zona, and the third by the writer and C. G. Gunther in a manu- 
script shortly to be issued by the American Institute of Mining 
Engineers on White Knob, Idaho. The results in each case 
are as follows: 
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LIMESTONE AT SAN Jos£,- TAMAULIPAS, 





I. 2 2. 

MOS hash. sas sa beau eh cee 5.04 4.31 9.55 
Al.O,; \ = ¥ 

Fe,0, Pott tt eseee eset ee eee ees 0.35 20305 1.28 

C5 €, C SRE ET oe ec Lo bcc 93.83 88.92 

SOs, as.54 cava goes s oss DERI SS 1.29 0.91 

STEAL |: ih ck aah siviesu eet 100.52 100.38 100.66 


No. 1. From the Vegonia claim, blue limestone. 
No. 2. Furnace Quarry, blue limestone. 
No. 3. White marble, recrystallized by the eruptive. 


The insoluble material appeared to be practically silica, and 
~yas therefore not broken up by fusion. The iron and alumina 
are so low as to be of small significance in the formation of 


garnet. 
LIMESTONES AT MoreENcI, ARIZONA. 
I. 2. 3. 4. 5: 6. 
TO RRS eee 1.00 1.34 0.30 1.00 
5 ee 1.06 
Fe,O; | = 2 0.40 
Al.O, frseeee .Q2 2.71 1.66 { a 2.80 
TeADs . .si0is's.0. 95-52 94.00 82.50 57.50 56.00 54.35 
MegCOs; ....2.. «09 0.54 37.01 36.00 40.65 
aotal sacs 098.19 97.71 95-04 97.01 95.80 101.00 


All these are from W. Lindgren’s monograph on Clifton-Morenci, Arizona, 
Professional Paper, 43, p. 71, U. S. Geol. Survey. 

All are the Modoc limestone. 

No. 1. Arizona Copper Co. Quarry. 

No. 2. Detroit Copper Co. Quarry. 

No. 3. Summit Shannon Mtn. 

Nos. 4, 5 and 6. Morenci Smelter Quarry. 


While the analyses vary widely in the amount of magnesium 
carbonate, all are low in silica, alumina and iron oxide; far too 
low in fact to yield much garnet. 


LIMESTONE AT WHITE Knos, IDAHO. 


TC MER ee ame erae sy doer no 4cy Sater Se a 14.77 1.38 
Fo } sce cides Viseee SS coe Wes eee Tet 3.68 1.01 
5 € CERES or eee ee ee or 06.01 
DIAG s as. vskine woe sis ph pee SEE oNIea eo 6 EOD 1.36 

WOOL | *.c.saisFe vce ene soma es whens «SUE, 99.76 


No. 1. Blue, unmetamorphosed limestone. 
No. 2. White, crystalline marble. 
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In the first the silica is high enough to be important but the 
iron oxide and alumina are too low to be*productive of much 
garnet. Wollastonite and diopside would probably result from 
recrystallization in this case. The White Knob occurrence is 
less significant than the others, because in it the pipes of garnet 
are in the intrusive rock and not in the limestone, a remarkable 
relation which will be referred to later on. 

Taking the other analyses for such significance as they may 
have it is evident that they are too pure to yield much garnet 
of themselves. Contributions of silica, ferric iron and alumina 
from the eruptive would be necessary. We now turn to the 
garnets themselves, so far as known. 


San Jose. Morenci. White Knob. 
z. 2 x 4. 5. 

RIT che Sattar ass 37.15 42.63 36.26 37.07 37.79 
AO Es cece. con eee.s 6.98 1.53 78 17.42 11.97 
Og Meee victaie ote s 19.40 31.41 32.43 10.81 15.77 
BOOMS ds ewiccehs .30 .32 68 1.31 
CRUD Prestige oraterie's Sc 2.44 23.37 20.67 32.77 32.57 
IMGT eerie cue wees none none 51 37 
DIO oa ei oe ec6.3 .43 .27 Si 
BARU Cl aiateraey sie xisvenion 13 14 .09 
coh 6 Bi er ere ras 44 39 
Cg cis nd hes os 4.20 
OE wince baie + be Sse 8 .06 


Sol. Fe,O0,;, Al.O;, etc. .43 


BORAT cise) shu. slave's 100.60 99.67 100.36 99.97 100.18 





No. 1. Garnet, San José, Mexico, J. F. Kemp, Trans. Amer. Inst. Min. 
Engineers, XXXVI, p. 102. 

Nos. 2 and 3. Garnet, Morenci, Ariz., W. Lindgren, Professional Paper, 
43 U. S. Geol. Survey, p. 134. 

No. 4. Light amber colored garnet, White Knob, Idaho, by C. W. 
Knight for J. F. Kemp and C. G. Gunther. 

No. 5. Massive brown garnet, White Knob, by T. T. Read for J. F. 
Kemp and C. G, Gunther. 


If the above analyses are recast so as to afford the relative 
percentages of the several garnet molecules the following re- 
sults are obtained. 
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I. 2. 3- 4. 5. 
Grossularite (3CaO, Al,0;, 3SiO.) ..31.00 6.02 2. 69.26 47.82 
Andradite (3CaO, Fe.O;, 3SiO.)....61.10 67.62 86.30 21.13 44.16 
Almandite (3FeO, Al,O;, 3SiO.).... 1.61 2.99 
Pyrope (3MgO, AIl,O;, 3Si0.)...... 1.44 1.31 
Spessarite (3MnO, AI.O;, 3SiO.)... QI -79 68 
Ramat HRCA) sick Sec ss oe oneness 7.30 4.80 4.25 1.90 
Magnetite (FeO, Fe.O;) ........... 1.00 1.00 
SUSIE. Siew awh ss thoes 5 bees Seas OOS 1.04 2.61 
NOEEED «35% os oN aes Sis vet He SES OREN 2.58 17.46 4.26 1.32 
IGGMNEC 2. sicce vn otc os oo ots seu Noses 4.20 
RPMI Lo diniclers'e sic sic so snes we aee seas .09 
GMAD eirtc.c sc beet es eeicaas ahi 99.92 100.31 100,11 100.30 100.27 
BOSE Ot SND’ csc cos bea nes soaae 54 
99.76 


In recasting Nos. 2 and 3, taken from Mr. Lindgren’s paper, 
the calculated mineralogy varies in some particulars from the 
one observed and recorded by him. No magnetite is mentioned 
by him and the quartz is perhaps in excess of what would be 
inferred from his descriptions. But the great point is not 
affected, viz., to show the kinds and relative amounts of the 
several garnet molecules. 

The percentages show that grossularite, so far from being 
the only variety of garnet present, is in general much inferior 
to andradite. In No. 4, where it is richest, the lightest colored, 
well crystallized garnets in the ore and gangue were selected for 
the sample. No. 5 is a much fairer illustration of the common 
variety in the zone. In No. 3 grossularite almost fails and in 
No. 2 it is in relatively small amount. It follows that in the 
discussion of the development of garnet zones, the chief impor- 
tance is to be placed on ferric iron and not on alumina, or upon 
andradite rather than grossularite. 

Upon the basis of assumed grossularite, it was natural to cite 
the earthy limestones such as are used in the manufacture of 
hydraulic cement as widely distributed types, which contain the 
silica and alumina in approximately the proportions required for 
grossularite. Such limestones are well known and in illustra- 
tion of favorable varieties two selected American instances may 
be given, the first from New Lisbon, Ohio, and the second from 
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Belvidere, New Jersey. By their side may be further placed 
a third analysis of a theoretical mixture of quartz, kaolin and 


510, ALO, Fe,Q,; CaO MgO CO, -H;0 


Ditoros kein 36.69 15.17 4.82 15.24 3.73 16.07 7.60 
Ee 27.90 7.89 1.70 32.10 1.40 26.78 
Bem cis aie estetale 29.10 16.60 27.10 21.40 5.80 


calcite which if recrystallized would exactly yield grossularite, 
3CaO, Al,O3, 35102, by the elimination of CO, and H,O. We 
see at once that the first two contain the necessary components 
of the third. .A limestone having the composition of the first 
analysis and in which there is more silica than the grossularite 
molecule calls for, would doubtless yield diopside and wollas- 
tonite in addition to garnet. The low alumina of the second 
would lead to the same result. In each the percentage of iron 
oxide is so small that only a very subordinate amount of the 
andradite molecule could result, far less than would correspond 
to the garnet zones of whose actual composition we know. 
While it is not difficult to find analyses of limestones favor- 
able to grossularite because of high alumina, it is far less easy 
to discover those so high in the siderite molecule as to yield 
andradite, and if among limestones in general such ferruginous 
ones are rare, the chances that favorable beds will be cut by 
intrusives are all the smaller. The general probability that 
andradite zones are developed from richly ferruginous natural 
limestones becomes very small and the probability that the erup- 
tive has contributed the iron becomes practically a certainty. 
The iron-garnet is however not the only important considera- 
tion. Very often bodies of fairly pure magnetite of consider- 
able size are found in the zones and confront the observer with 
the problem: of their development. It is highly improbable that 
the eruptive rock will so constantly cut masses of pure limonite 
or siderite in deep-seated rocks and change them over to mag- 
netite. On the contrary the iron ore is much more reasonably 
explained as a local phase of contact metamorphism—that is, its 
iron has come from the eruptive. Corroborative of the same 
inference is the very widespread and characteristic occurrence 


of specular hematite in the zones. One has only to read the 
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growing literature to be impressed with this fact. It recalls the 
familiar development of the specularite crystals in the cracks of 
Vesuvian lavas and around the fumarolic vents of other ,cones. 
Ferric chloride seems to be the form in which the iron is given 
off at or near the surface. Its reaction with atmospheric 
oxygen may then yield the specularite. 

There is still another highly significant line of investigation. 
Some years ago Dr. Joseph Barrell,’ working with Mr. Walter 
H. Weed upon the interesting deposits of the Elkhorn district, 
Montana, was led into a very acute and suggestive line of in- 
vestigation. Contact zones are abundant in the district and are 
produced by the intrusion of a great mass of granite across a 
series of sedimentary rocks involving limestones. Dr. Barrell 
found contact garnet associated with a relatively impure stratum 
and contact marble with a purer one. He therefore took no 
issue in this respect with the generally accepted view. No 
analyses of either limestones or garnets were, however, made. 
Dr. Barrell was especially impressed with the porosity, which 
would be caused in the garnet zone by the recrystallization of 
silica, alumina and lime, originally in the limestone, and by the 
attendant elimination of the carbonic acid and water. Thus, 
assuming the necessary mixtures of quartz, kaolin and calcite 
and, for silicates other than grossularite, of limonite and mag- 
nesite, which would yield definite amounts of the several contact 
minerals, he determined by the use of molecular volumes the 
voids which would be left by the departure of the water and 
carbon dioxide in the production of garnet from quartz, kaolin 
and calcite. Theoretically for garnet, the voids amount to 47 
per cent. of the mass, and for the other silicates, while some- 
what less, yet in proportion. It was concluded that the contact 
zones, being of necessity so porous, would be very probable 
places for active circulations and for ore deposition. 

But the results may be used as the basis of an argument in 
another way. It is admitted that these large percentages of 
cavities will result if materials originally present in the lime- 


+“ Physical Effects of Contact Metamorphism,” Am. Jour. of Sci., April, 
1902, 200. Weed and Barrell, Twenty-second Ann. Rep. U. S. Geol. Survey, 
Part II., 390. 


aXe 


eer 


Ci 
a 
li 


=F ee MW © WD KH 


a fro rer os 0 


A cm ww me 








the 
of 
nes. 
ven 


eric 


ion. 
lter 
rict, 
in- 
are 
ssa 
rrell 
tum 
- no 
No 
ade. 
hich 
1 of 
the 
hus, 
Icite 
nag- 
itact 
the 
and 
olin 
2 47 
»me- 
itact 
able 


it in 
s of 
lime- 
April, 
irvey, 


Se Sa 


eT ne” 


ORE DEPOSITS AT INTRUSIVE CONTACTS II 


stones recombine and crystallize out; but on the other hand if 
as a matter of actual experience we do not find such a large 
proportion of spaces, but on the contrary discover that the 
garnet zones are on the whole very dense and firm rocks, we are 
driven to the conclusion that the garnet and other silicates have 
resulted, not from the recrystallization of impure limestones, 
but by actual addition of new material. Thus if to calcium 
carbonate we add silica and alumina or more correctly iron 
sesquioxide, the new additions will take the place of the evicted 
carbonic acid and produce a dense mass of silicates. So far 
as the writer’s experience has gone, the latter character is the 
usual one possessed by the zones. , They are prevailingly dense 
and compact, often are very hard rock to drill, and lead one to 
the inevitable inference that the silica and iron have come from ; 
the eruptive in far the largest part. 

If, now from the several lines of evidence we believe that new 
material has been added, we may endeavor to formulate a con- 
ception of the method. First of all the question may be raised 
as to whether the eruptive has melted into its substance sufficient 
limestone to yield the zones which have then crystallized out 
from fusion. This view is opposed both by the sharp contacts 
afforded by the eruptive against the garnet zones; by the vari- 
ability of the zones in mineralogy and by the fact that the neces- 
sary ingredients of andradite would not thereby be afforded. 
In almost all cases the eruptive is a highly acidic rock, a quartz- 
porphyry, or quartz-diorite-porphyry. The percentage in iron 
is very small, far below the requirements of the iron-lime garnet, 
and the general composition not at all adapted to yield the zones. 
On the contrary we are irresistibly led to the conclusion that 
from the intrusive rock has come either highly heated water 
gas or highly heated water itself in the closing stages, and that 
one or both of these have brought to the limestone the silica, 
iron oxide and alumina for the production of the lime-silicates. 
After the production of the garnet and its associates was well 
under way, they brought in also the copper and iron sulphides 
which are the commonest ores. 

The silica and the other dissolved materials did not wander 
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farther from the eruptive because the limestone promptly inter- 
cepted them and locked them up in silicates; but undoubtedly 
carbonated water and carbon dioxide gas were yielded in great 
quantity, an inference which falls harmoniously in line with 
what we know of volcanic emissions. 

At San Jose in Tamaulipas, a striking corroboration of this 
general conception was revealed a year or two after the writer’s 
visit. A streak of garnet was followed into the diorite-porphyry 
and when well within the eruptive it opened out into a large 
cavity lined with beautiful crystals of orthoclase, exactly such 
as we find in the vugs of pegmatite veins. Apparently in this 
case we have revealed the very supply fissure from which the 
magma in its cooling stages gave forth the vapors or liquids 
which produced the zone. 

If we are convinced by the phenomena of the garnet zones 
that water gas, and other gases or vapors are emitted from a 
deep-seated intrusive, we may question what would be the 
result if the wall rock were not limestone, but such a rock as 
quartzite, gneiss, schist or some older siliceous eruptive which 
would exercise no precipitating effect. In this event the water- 
gas would ultimately be condensed to the liquid form and pro- 
vided with both metals and the elements of gangue minerals, 
would rise toward the surface until the inevitable fall in tem- 
perature and pressure would bring about the precipitation of 
both in veins. The solvents start under conditions strongly 
favoring solution; they proceed toward those strongly favoring 
precipitation. They present to us both agents and conditions 
well suited to bring to pass those end-results which of them- 
selves are difficult to explain. Agents, moreover, are afforded 
of efficiency well suited to produce the ore bodies. Much sup- 
port is therefore given to the conceptions of the “ juvenile” or 
magmatic waters, which have been recently emphasized by 
Edouard Suess. 

Even when the emissions from the eruptive yield the garnet 
zones, the waters greatly reinforced with carbon dioxide pass 
on to the upper regions. It is by no means improbable that in 
this way some carbonated hot-springs are caused and the 
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enormous quantities of carbonic acid gas with which we are 
familiar are afforded. 

While the garnet zones most commonly yield pyrite, chalco- 
pyrite and gold, they are yet known in instances to have galena, 
zincblende,’ arsenopyrite* and some of the less common metallic 
minerals. Pyrite with copper and low gold values seems to 
be the most characteristic of the ores. We therefore infer that 
deep-seated intrusives are rather prone to send these forth. If 
we follow solutions of this character in their journey to the 
upper world, we must conclude that they are more directly sig- 
nificant for gold-quartz veins than for the other common types. 

In their economic bearing, the contact zones, although some- 
times rich enough to mine where they have not undergone sec- 
ondary enrichment, as a rule require this process in order to 
make them available. Of this fact the two great Arizona camps, 
Morenci and Bisbee are illustrations. Where calcite is abundant 
malachite, azurite and cuprite appear, where the silicate minerals 
predominate, chrysocolla results. 

The deposits at White Knob, Idaho,* which have been referred 
to above, differ from all others as yet known to the writer, in 
that the masses of garnet are in the form of pipes and chimneys 
almost all of which are within the eruptive rock itself and in 
instances 300 meters from the contact with the limestone. They 
have been explored some 200 meters below the outcrop and are 
found to come together in channels, much as the branches of a 
tree lead down to the main trunk. We are forced to the con- 
clusion that the emissions from the deeper parts of the eruptive 
rock became charged with lime along the contact and passed 
upward through the igneous rock. The latter is a granite 
porphyry. Contributions from below of iron oxide and lime 
have changed it to garnet and other silicates, just as the reverse 
contributions of silica, iron oxide and alumina to the limestone 
would lead to the same result. While to a certain extent the 
process seems contradictory of our previous conceptions, it is 
yet the only one which fits the peculiar relations. 

* Both these at Washington Camp, Arizona, as described by W. O. Crosby. 

? The Nickel-Plate Mine, British Columbia, as described by W. H. Weed. 

8 These interesting ore-bodies will be the subject of a paper by C. G. 


Gunther, formerly engineer at the mines, and J. F. Kemp, and will shortly 
be issued by the American Institute of Mining Engineers. 





EXPERIMENTS ON THE ACTION OF VARIOUS 
SOLUTIONS ON PYRITE AND MARCASITE. 


H. N. SToKEs. 


INTRODUCTION. 


The experiments described in this. paper form part of an un- 
finished investigation undertaken by the writer before his trans- 
fer from the U. S. Geological Survey to the Bureau of Standards. 
While the work is by no means complete, the results would 
appear to have some geological significance and are published 
now in the hope that they may contribute somewhat to an under- 
standing of the formation and decomposition of sulphides. As 
the writer will be unable to pursue the subject further, he hopes 
that the work may be continued and enlarged by other chemists 
working along geological lines. 

Without attempting to discuss the geological bearings, the re- 
sults may be briefly summarized as follows: Pyrite and marcasite 
are decomposed by circulating alkaline waters which leave hematite 
or hydrated ferric oxide and carry away the sulphur in the form 
of alkali sulphides and thiosulphate. The sulphides may react 
in another place with metallic salts giving sulphides; the thio- 
sulphates may either remain unchanged or may react with copper 
or silver compounds, giving sulphides of these metals and alkali 
sulphates. This conversion of pyrite into hematite occurs in 
the absence of free oxygen; the occurrence of ferric oxides as 
transformation products of pyrite is, therefore, not in itself a 
proof of the action of aérated water or other oxidizing agents. 


PYRITE AND MARCASITE WITH CUPRIC SALTS IN PRESENCE 
OF ALKALI BICARBONATES. 


Cupric carbonate is not entirely insoluble in solutions of 
alkali bicarbonates; in fact, strong bicarbonate solutions readily 
dissolve it to a blue solution. The solubility of cupric carbonate, 
however, is not essential to its reaction with pyrite and marcasite, 
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EXPERIMENTS ON ACTION OF SOLUTIONS 15 


as these are attacked by the alkaline solution itself, as will appear 
below. 

The pyrite and marcasite used in the following experiments 
were finely ground and carefully purified by washing with ether 
to remove sulphur, digesting with hot dilute hydrochloric acid 
to remove ferric oxide, washing with dilute hydrochloric acid 
and water in an atmosphere of carbon dioxide and drying in 
vacuo. The material then was transferred to the tube in which 
the experiment was to be made, the solution added, the air re- 
placed by carbon dioxide and the tube sealed. In this way all 
oxidation was prevented. 

About 0.2 gram marcasite was heated in a sealed tube filled 
with carbon dioxide for 14 hours at 160-170° with an 8 per cent. 
solution of cupric chloride to which potassium bicarbonate had 
been added to. complete resolution of the carbonate. The solid 
product was chocolate brown, evidently from the presence of ferric 
oxide. The quantitative analysis of the solid and solution, 
which was made with the view of excluding the action of the 
air, and after making allowance for the small residue of unde- 
composed marcasite, which was determined, showed that 25.04 


per cent. of the total sulphur had been oxidized to sulphuric acid. 
The equation 


2FeS, + 6CuCO, + 2KHCO, = 
3Cu,S + Fe,0, + K,SO, + 8CO, + H,O. 
requires the oxidation of 25 per cent. 

0.2 gram carefully prepared pyrite, treated in a similar manner 
and heated 23 hours at 180°, showed that 26.7 per cent. of the 
sulphur had been oxidized to sulphuric acid. The equation is 
the same as above, and the agreement with the theoretical is as 
close as could be expected. 

An experiment with marcasite and solution of cupric carbonate 
in ammonium bicarbonate was carried out at 100° for 18 days. 
While the decomposition was incomplete the formation of ferric 
oxide and sulphuric acid was confirmed. 


*See U. S. Geol. Survey Bulletin No. 186, p. 20. 
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MARCASITE WITH SILVER CARBONATE AND POTASSIUM 
BICARBONATE. 


Marcasite heated with silver carbonate and potassium bicar- 
bonate for 22 hours at 180° gave a residue containing silver sul- 
phide and ferric oxide, while the solution contained sulphate and 
was free from other sulphur acids. 


MARCASITE WITH LEAD CARBONATE AND ALKALI CARBONATE OR 
BICARBON ATE, 


One gram marcasite, 2 grams pure lead carbonate, 2 grams 
pure dry sodium carbonate and 20 c.c. water were heated in a 
sealed tube filled with carbon dioxide for 24 hours at 180°. The 
insoluble product contained crystals of galena. The filtrate was 
divided into two equal portions. The first portion, on heating 
with hydrochloric acid gave a precipitate of sulphur, while only 
a trace of barium sulphate was obtained. The second portion, 
after oxidation with bromine water gave an abundant barium 
sulphate precipitate, which was weighed. The insoluble residue 
was freed from the excess of lead carbonate by boiling with 
acetic acid in a current of carbon dioxide, to prevent oxidation 
of any unchanged marcasite and consequent precipitation of lead 
as sulphate. In the residue which remained the lead sulphide 
was oxidized and weighed as sulphate. The atomic ratio of 
sulphur in solution to sulphur in lead sulphide was 2:13.43 or 
nearly 2:14. The behavior of the solution, which deposited 
sulphur on acidifying and contained sulphate only after oxidizing 
indicates the presence of thiosulphate. This and the above ratio 
agree with the equation: 

8FeS, + 14PbCO, + Na,CO,; = 
14PbS+ 4Fe,O, + Na,S,O, + 15CO,. 
The amount of decomposed marcasite was calculated from the 
sulphur in solution plus that as lead sulphide, from which it ap- 
peared that the atomic ratio of sulphur in solution to iron in the 
decomposed marcasite was 2:7.73, or nearly 2:8 as required by 


the equation. 
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the behavior of copper and silver carbonate and that of lead car- 
bonate, in that in the case of copper and silver sulphate ex- 
clusively is found, while in the case of lead the product is thio- 
sulphate with only a trace of sulphate. The explanation of 
this is to be found in the well-known fact that copper and silver 
salts easily decompose thiosulphates on heating, giving metallic 
sulphide and sulphate’ while lead salts are without action on 
thiosulphates. Hence it is likely that thiosulphate is a primary 
product of the reaction in each case. 

The reaction of metallic carbonates with pyrite and marcasite 
in presence of alkali carbonate solutions is still better exemplified 
by the behavior of zine carbonate. 


PYRITE AND MARCASITE WITH ZINC CARBONATE AND POTASSIUM 
BICARBONATE, 


These experiments were made in essentially the same manner, 
zinc sulphide being white, it was easy to distinguish the ferric 
oxide by its color. The solutions were carefully analyzed, bear- 
ing in view the possibility that alkali sulphide, polysulphide, thio- 
sulphate, sulphite and sulphate might be present. It is unneces- 
sary to detail the somewhat complicated procedure employed and 
it may be merely stated that by treatment of different aliquot 
portions of the solution with cadmium hydroxide to remove sul- 
phide, determining sulphuric acid in one portion directly and in 
another after oxidation, making an iodine titration with a third 
and determining the thiosulphate in another by heating with 
silver nitrate, it was found that sulphides, sulphites and sulphates 
were absent and that the total sulphur in solution was present as 
thiosulphate, which, moreover, gave the characteristic reactions. 
The residue was not further examined than to determine that 
all the pyrite or marcasite was decomposed, and that zinc sulphide 
and ferric oxide, mixed with excess of zinc carbonate were left. 
The equation in ali probability is 


8FeS, + 14ZnCO, + 2KHCO, = 
14ZnS + 4Fe,O, + K,S,0, + 16CO, + H,0. 
1CuS.0; + H:O =CuS + H:SQ,, Ag2S.03 + H:.O = Ag.S + H:SQ,. 
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ACTION OF ALKALINE SOLUTION ALONE ON PYRITE AND 
MARCASITE. 


In the above experiments the action of the alkaline solution 
on the pyrite or marcasite took place in the presence of a car- 
bonate of a metal (Cu, Ag, Pb, Zn) capable of forming a stable 
insoluble sulphide. In the case of zinc and presumably in that 
of the other metals also, the reaction proceeded to completion, 
the final product being ferric oxide and metallic sulphide and in 
solution either thiosulphate or sulphate. In the following ex- 
periments, some light is thrown on the nature of the reaction. 

One gram carefully prepared marcasite powder, 3 grams dry 
sodium carbonate and 30 c.c. water were sealed in a bomb tube 
in which. the air had been replaced by carbon dioxide, and heated 
22 hours at 185°. The contents were filtered. The filtrate had 
a yellowish color, due to the presence of alkali polysulphides, and 
after removal of these by cadmium chloride, was found to con- 
tain much thiosulphate. 

One gram marcasite powder, 4 grams potassium bicarbonate 
and 40 c.c. water were similarly treated. The filtrate contained 
sulphide and polysulphide and after removal of these by cadmium 
chloride gave 0.0144 gram K,S,O, by titration and 0.0150 gram 
K,S,O, by direct gravimetric determination as silver sulphide. 

One gram marcasite, 4 grams potassium bicarbonate and 25 
c.c. water heated in the sealed tube 16 days at 100° gave sulphide 
and 0.0083 gram K,S,O, by titration and 0.0080 gram gravi- 
metrically. 

One gram marcasite, 3 grams dry sodium carbonate and 30 c.c. 
water were heated 30 hours at 180°. The yellow solution was 
found to contain 0.0119 gram Na,.S.O; and for 1 mol. Na,S,O, 
there were 4.38 mols. Na,S and 2.51 mols. NaS». 

One gram pyrite powder heated as above with 3.5 grams dry 
sodium carbonate and 35 c.c. water gave 0.0072 grams Na,S,0,, 
and for 1 mol. Na,S,O, there were 3.30 mols. Na,S and 1.05 
mols. NaSo. 

In the reactions in which the metallic carbonates are absent, 
the amount of thiosulphate is much less, while alkali sulphide and 
polysulphide appear. The reaction is undoubtedly complicated 
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and in part reversible. The experiments throw some light on 
what occurs, however. The formation of ferric oxide with zinc 
carbonate in an alkaline solution, in the absence of oxidizing 
agents, shows that the pyrite and marcasite may be regarded as 
ferric compounds. We may regard them as ferric sulphide con- 
taining an excess of sulphur, viz., as Fe,S,.S. 

It is well known that free sulphur reacts with alkalies giving 
sulphide and thiosulphate, thus: 


(1) 4S + 3Na,CO; = 2Na,S + Na,S.0; + 3COz. 


A further reaction would be that between sulphur and the 
sodium sulphide thus generated : 


(2) S + Na.S = Na,S,. 


The experiments do not show which of the polysulphides are 
formed, but it will suffice to assume that Na,S, is present. A 
third reaction would be that between the ferric sulphide portion 
of the molecule and the alkali: 


(3) Fe.S3 + 3Na,SO; = Fe,0; + 3Na2S + 3COz. 


The third reaction is undoubtedly easily reversible and in fact 
does not proceed to any great extent if the ferric oxide is kept 
in contact with the generated alkali sulphide. The sulphide and 
polysulphide occurring in the solution, come mainly, and the 
thiosulphate entirely from the excess of sulphur in the pyrite and 
marcasite and it is clear that as several independent reactions are 
involved there can be no simple relation between the quantities of 
each product formed; an indeterminate portion of the excess sul- 
phur acts according to (1) and the remainder according to (2). 

As long as the decomposition products remain in contact no 
very considerable amount of ferric oxide can be formed. If, 
however, the sulphide in solution is continually removed, either by 
circulation or by precipitation, the transformation of the ferric 
sulphide into ferric oxide will eventually be complete. This is 
what occurs in the above experiments with copper, silver lead and 
zinc carbonates. The removal of the soluble sulphides by con- 
tinually supplying fresh alkaline solutions can not be easily 
effected in the laboratory, where comparatively high temperatures 
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and small volumes have to be used. In nature, however, this 
may be easily realized and the transformation of pyrite into 
hematite effected without the aid of oxidation. Thiosulphates 
are occasionally found in mineral waters and while these may 
be formed by the action of alkali carbonates or alkali sulphites 
on free sulphur, or by the action of free oxygen on waters carry- 
ing suphides in solution® it is an hypothesis worthy of considera- 
tion that they may in part originate from the action of deep 
seated oxygen free alkaline waters on pyrite. 

While the removal of the soluble sulphides by continually 
renewed fresh solution is not experimentally available a third 
method remains, namely, the volatilization of the sulphur as 
hydrogen sulphide. Alkali sulphides do not liberate free hydro- 
gen sulphide on boiling; if, however, carbon dioxide is present, 
this decomposes the sulphide, the reaction, however, soon coming 
to equilibrium unless the hydrogen sulphide is removed. This 
can be effected at higher temperatures in ‘closed vessels, free from 
air, by the presence of an absorbent entirely outside the liquid. 

0.2 gram carefuly purified marcasite powder was placed in a 
20 c.c. platinum crucible with 1 gram potassium bicarbonate and 
a little water. The crucible was placed within a platinum di- 
gester of 50 c.c. capacity, the lid of which could be clamped down 
airtight and on the bottom of which, outside the crucible, some 
lead carbonate was placed. The air in the apparatus was re- 
placed by carbon dioxide and the lid at once closed. The digester 
was placed under water in an autoclave and heated 7 days at 
180-200°. On opening, the marcasite was found to be com- 
pletely converted into scaly hematite, while the lead carbonate 
outside the crucible and therefore never in contact with the solu- 
tion had been converted into acicular crystals of galena, the 
excess of carbonate being crystallized to cerussite. 

In a similar experiment with pyrite, in which the lead car- 
bonate was replaced by cuprous oxide the pyrite was converted 
into hematite and the cuprous oxide into chalcocite, while the 
solution within the crucible contained thiosulphate. 


®2Na:S + 40 + CO:=Na2S:0:; + Na:COs, Na:S: + 30 =Na.S:0s, Na2Ss + 
30 = Na.S:0; +3. 


a 





use 
gat 
un 
tha 
wh 
lon 
ma 
sho 
ma 
to 

hy« 


ma 
soli 
era 
ing 
or 

sul 
sul 
ale 


get 
wit 
car 
abt 
tio: 


an¢ 


abc 
wa 


AC 





, this 
» into 
yhates 
» may 
phites 
carry- 
idera- 
deep 


nually 
third 
ur as 
iydro- 
‘esent, 
oming 
This 
- from 
uid. 
1 nia 
te and 
im. di- 
down 
- some 
as re- 
igester 
ays at 
» com- 
bonate 
e solu- 
a, the 


id car- 


iverted 
ile the 


Na2Ss + 


EXPERIMENTS ON ACTION OF SOLUTIONS 21 


In a third experiment with the same apparatus, pyrite was 
used and the absorbent consisted of a series of discs of copper 
gauze placed on top of the crucible. After heating the digester 
under water in the autoclave for eight days at 200° it was found 
that water had leaked into the digester, covering the gauze, 
which was covered with crystals of chalcocite as much as 5 mm. 
long. The pyrite had been converted partly into hematite but 
mainly into magnetite, which, under a low magnifying power 
showed well developed octahedra, black and brilliant and strongly 
magnetic. The formation of magnetite in this case is doubtless 
to be ascribed to the hydrogen liberated by the action of the 
hydrogen sulphide on the metallic copper. 

From the above experiments we may conclude that pyrite and 
marcasite can be completely converted into hematite by alkaline 
solutions, without the intervention of oxygen, provided the gen- 
erated sulphides are removed by circulation. The solution, carry- 
ing sulphide and thiosulphate, coming in contact with soluble 
or insoluble salts of copper, silver, lead or zinc, will have the 
sulphide removed, and in the case of copper or silver, the thio- 
sulphate will give rise to a further amount of suphide, the equiv- 
alent of sulphate taking its place. 

Pyrite and marcasite are not the only sulphides which can 
generate thiosulphate in the above manner. Covellite was heated 
with 10 per cent. sodium carbonate in a sealed tube filled with 
carbon dioxide 22 hours at 180°. The solution contained 
abundant sulphide, polysulphide and thiosulphate. The reac- 
tions, in a simplified form, may be thus expressed: 


8CuS + 3Na,CO, = 4Cu,S + 2Na.S + Na,S,0; + 3CO, 
and 2CuS + Na,S —Cu.S + Na,S, 
about one fourth the thiosulphate required by the first equation 


was found. 


ACTION OF NEUTRAL SOLUTIONS OF METALLIC SALTS ON 
PYRITE AND MARCASITE. 
ACTION OF CUPRIC SALTS. 
In a former paper* I have shown that when pyrite is heated 
*U. S. Geological Survey Bulletin 186, p. 44. 
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with neutral cupric chloride solution at 200° in the absence of 
air, the sulphur is completely oxidized to sulphuric acid. The 
reaction between pyrite and marcasite and cupric sulphate also 
results in the formation of sulphuric acid, but the sulphur is not 
completely oxidized, a.portion remaining in the form of sulphides 
of copper. According as cuprous or cupric sulphide is formed, 
we may have the equations: 


5FeS, + 14CuSO, + 12H,O = 7Cu,S + 5FeSO, + 12H,SO, 
in which 30 per cent. of the sulphur is oxidized, or 
4FeS, + 7CuSO, + 4H,O = 7CuS + 4FeSO, + 4H,SO, 


in which 12.5 per cent. of the sulphur is oxidized. In reality the 
reaction ig more complicated, the cuprous. ion being involved.® 
Cuprous sulphide is itself attacked by cupric sulphate, while 
cupric sulphide, at least in the form of covellite, is very resistant. 
The actual result of the experiments shows that the amount of 
sulphur oxidized to sulphuric acid lies between these extremes, 
so that it is likely that both reactions take place. 

Carefuly purified marcasite was heated at 180° for 20 hours, 
with an accurately determined amount of neutral Io per cent. 
cupric sulphate solution, under rigid exclusion of air, and the in- 
crease of SO, in the solution, as well as the composition of the 
residue determined. After making allowance for unaltered ma- 
terial, 18.4 per cent. of the sulphur was found to be oxidized. 

In an exactly analogous experiment with pyrite 20.65 per cent. 
of the sulphur was oxidized. 

An experiment with marcasite and neutral 10 per cent. cupric 
sulphate solution at 100° continued for 18 days, showed that 
23.8 per cent. of the sulphur of the decomposed mineral was 
oxidized. 


PYRITE AND MARCASITE WITH NEUTRAL LEAD CHLORIDE. 


Purified pyrite and marcasite were heated with pure lead 
chloride and water in sealed tubes, filled with CO,, for 12 hours 
at 180°. The solid product contained large quantities of galena 


*This Journal, 1, 648 (1906). 
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and lead sulphate, the latter being decomposed and its SO, ex- 
tracted by treatment with sodium carbonate solution. 
The reaction is therefore presumably : 


4FeS, + 7PbCl, + 4H,O = 
7PbS + 4FeCl, -+- H,SO, + 6HCI. 
From these experiments it would seem that the formation of free 
sulphuric acid through the action of neutral air free copper and 


lead solutions on pyrite and marcasite is a factor which can not 
be neglected. 


NOTE ON THE IDENTIFICATION OF CHALCOCITE. 
Chalcocite is readily attacked by ferric salts thus: 
Cu,S + 2FeCl, = CuS + CuCl, + 2FeCl,. 

The CuS thus formed shows the blue color of covellite. A frag- 
ment of chalcocite boiled for a moment with 10 per cent. ferric 
chloride solution acidified with hydrochloric acid becomes blue. 
The color appears to particular advantage on compact smooth 
chalcocite, but the rough mineral also becomes decidedly blue. 
A grey coating on chalcopyrite took on a deep indigo blue color. 
The same effect is produced, but not as satisfactorily, by boiling 
with 1-1 hydrochloric acid or allowing to stand a short time with 
concentrated hydrochloric acid, but this is apt to dissolve the 


coating completely. Enargite is entirely unaltered in appearance 
by the above treatment.® 


*Knop. N. J’b., 1861, S. 533. 











THE PEAT DEPOSITS OF NEW JERSEY. 
Henry B: KUMMEL. 


Recent investigations! by members of the Geological Survey 
of New Jersey have made available much detailed information 
regarding both the occurrence and the quality of the peat de- 
posits of northern New Jersey. 

Occurrence.—As is shown by the field work of Mr. McCourt 
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Fic. 1. Sketch map of Northern New Jersey showing distribution of work- 
able peat deposits. (After McCourt.) 


(see Fig. 1), peat beds of good quality and of considerable extent 
occur in Bergen, Morris, Sussex and Warren counties. Not all 
the swamps of these counties are peat swamps, but extensive de- 


* A Report on the Peat Deposits of Northern New Jersey,” by C. W. 
Parmelee and W. E. McCourt. Annual Report of the State Geologist for 
1905. 
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posits were found near. Allendale and along Sprout Brook, in 
Bergen County; in the Black Meadows, Troy Meadows, and the 
Bog and Vly Meadows in Morris; the Vernon and Sussex 
meadows in Sussex; and the Pequest Meadows in Warren 
County. These deposits each range from 150 to 2,000 or 3,000 
acres in surface area and depths of 8 to 10 feet were not infre- 
quently found, although probably the average depth is less than 
this. Two somewhat distinct types of peat occur, a brown 
fibrous variety and a black, waxy, spongy one, but these varieties 
are not sharply differentiated from each other. The latter is 
the older and where both occur in one bog is found under the 
more fibrous form. 

Moisture.—As is well known, all peat contains a large amount 
of water when first dug, which in some cases amounts to as 
much as 85 or 90 per cent. When exposed to the air, a large 
portion of the water evaporates, but there always remains some 
which cannot be driven out except at higher temperatures. It 
is manifest that the value of peat as fuel depends considerably 
upon the extent to which this moisture can be expelled by eco- 
nomical means for not only does each unit of the water replace 
a unit of combustible material, but a certain amount of the heat 
generated is consumed in vaporizing the moisture remaining. 
Consequently peat containing 25 per cent. of moisture, which 
should be the maximum for a good air-dried peat to be used 
as fuel, has something less than 75 per cent. of the heating power 
of a perfectly dry peat. 

In this investigation the moisture content of 107 samples of 
air-dried peat was determined by Dr. Parmelee. The samples 
were spread out in thin layers, and exposed for several days to 
the room temperature. “‘ A small portion, representing an aver- 
age sample, was carefully taken and ground through a mill to 
such a fineness that it would all pass through a 100-mesh sieve. 
Two watch glasses ground on the edges to fit tightly together, 
with a brass spring to hold them firmly, were accurately weighed, 
and then five grams of the powdered sample were weighed and 
placed in one glass. This was placed in an oven which was 
kept at a temperature of 105° C. and the sample left there until, 
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by repeated drying and weighing, no further loss of moisture 
was found. This operation generally required 96 hours. The 
weighings were always undertaken with the cover glass securely 
clamped over the sample by means of the spring. This was 
found necessary because of the very hygroscopic nature of the 
dry powder. ‘The samples showed a wide range. The lowest 
amount of moisture in an individual sample was 6.09 per cent. 
The highest was 28.14 per cent. Considering the whole num- 
ber of samples, it may be said that as the ash content increases 
the moisture content is lower; although the converse is not true, 
that a high moisture content indicates a low ash. It is not safe 
to apply the general rule to particular cases. The average mois- 
ture content of 107 samples having 50 per cent. or less of ash 
was found to be 15.52 per cent.’ 

Ash.—The amount of ash in peat is also of great importance 
in determining its value as a fuel. Not only is there the loss 
of the combustible material which is displaced by the ash, but 
of a certain amount of heat which is used in bringing the non- 
combustible matter to the temperature of the fire and maintain- 
ing the heat at that point. Furthermore, the cost of digging 
and transporting this ash has to be paid. As shown by the 
laboratory experiments, the ash in the samples tested varies 
greatly in amount, and is by no means always the same in peats 
which outwardly resemble each other closely. 

The amount of ash was determined from the oven-dried sam- 
ple, which was kept in a tightly-corked test-tube. A small 
amount, approximately I gram, was poured into a weighed 
platinum crucible,—the exact amount being determined by the 
difference in weight of the test-tube before and after. Ignition 
was carried out over a gas flame in the usual way and the residue 
weighed as ash. The percentage of ash was calculated on the 
basis of the air-dried material in order to obtain results com- 
parable to what would occur under economic conditions. One 
hundred and seven samples were thus tested and the amount of 
ash was found to range from 5.04 to over 50 per cent.; those 
containing more than the latter figure not deserving the name 
of peat. 





* Loc. cit., p. 257. 
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Calorimeter Tests—‘‘ The calorimetric tests of the New 
Jersey peats were obtained by the use of the Standard or Parr 
calorimeter. This apparatus consists of a hollow cylinder or 
bomb which may be tightly closed at either end. For a test, the 
bomb is charged with a small quantity of the powdered dry 
sample, crushed to pass through a 100 mesh. The quantity 
varied from one half to three fourths of a gram. This was 
mixed with sodium peroxide and potassium chlorate which fur- 
nished oxygen for combustion. The bomb, after filling, was 





immersed in a large cylinder containing a quantity of water—two 
liters. The large cylinder was placed in a fiber bucket having a 
wall between the large cylinder and the outer wall of the 
bucket. This arrangement provided an insulating air space be- 
tween the large cylinder and the wall, and another between the 
wall and the bucket, which provision prevented temperature 
changes due to external causes. The bomb, when immersed, 
stood vertical, centered upon a pin so as to rotate easily. Four 
vanes attached to the sides, and an axle or stem of small size 
projected from the top of the bomb upwards. On the upper 
part of the stem a small pulley was attached, which was driven 
by a belt from a smaller motor. Within the bomb there were 
two metal poles attached to the cover and connected by a loop 
of fine iron wire of sufficient length to dip into the charge. This 
loop was heated to incandescence by the passage of an electric 
current, which thus ignited the charge. The completeness of 
the combustion is assured by the presence of the oxidizing chem- 
icals mixed with the sample. The heat generated by this reac- 
tion radiates from the bomb and heats the surrounding water. 
By means of a delicate thermometer the rise in the temperature 
of the water could be noted and the calorific value calculated. 
Since the determinations were made on samples dried at a 
temperature of 105° C., the results are higher than may be ex- 
pected from the air-dried peat. The advantage of this method 
however is that all the samples may be more accurately com- 
pared since the amount of moisture remaining after air drying 
is dependent upon local conditions. Only those samples having 
25 per cent or less of ash were tested. All tests were run in 
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duplicate and the results in all but two instances differed by 
less than one division on the thermometer used. That is, less 
than one twentieth of 1° F. In many instances the calculated 
difference was less than one two-hundredths of 1° F. 

The results obtained by the use of this apparatus have not 
been checked by comparison with the results on the same sample 
using other types of the calorimeter. Since however it is known 
that this instrument gives accurate results with very similar 
fuels, such as lignite, brown coal, napthalene, etc., it is quite 
unlikely that the error from this source is greater than the ex- 
perimental.” 

Sixty-one samples were tested in duplicate, and results rang- 
ing from 5,876 calories as a maximum to 4,026 calories as a 
minimum were obtained. From a comparison of the detailed 
figures given in the table below it will be seen that with but 
few exceptions high calories accompany low ash, as was to be 
expected. The explanation of the exceptions does not appear 
from the facts presented but might be revealed by an ultimate 
chemical analysis. 

In connection with these tests it is of interest to note the 
calorimetric value of some coals recently tested :? 


Calories. 
West Virginia bituminous coal (12 samples)..... ..... Aachen weseaees 7,549-8,495 
Tilinois bituminous (7 samples) .......505c0eseseeess vepseeces vonseeesoeseee 5,471-6,986 
SISO MITIDOR |. cso pssvnlccesusbohtans eh} Matassheps Vas usessesenp sccens ede k 4,716-5,385 
REMC AMPVIEPS -o, 1555 19ch sas pobabssgotunnbeSeawenberocheaseoeessns crepe, eaters 5,728-5 987 
Average of all coal and lignites tested (64 samples)..............006 6,906 


In making this comparison, however, it must be born in mind 
that the coal tests were made on air-dried samples, whereas the 
peat tests were made on samples dried at 105° C. This dif- 
ference in procedure discriminates against the coal to a certain 
extent, so that the peat makes a better showing relatively than 
would have been the case had both sets of tests been made on 
the same basis. The greater the percentage of water present in 
the peat samples, the greater does this discrimination become, 


*Loc. cit., p. 259. 
2 Parker, Holmes, Campbell, et al. U. S. G. S. Professional Paper 48, p- 
196 et seq. 
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and it is necessary, therefore, in using the figures given in the 
table below to make allowance for the varying percentages of 
moisture present. In cases where the moisture is as much as 
25 per cent., the calories should be diminished by nearly 30 per 
cent., to obtain results comparable with the coal test cited above. 

Coking Tests ——Tests were made by Mr. R. B. Gage, chemist 
of the survey, for the purpose of securing data to indicate which 
of the New Jersey peats might be used in the manufacture of 
peat coke, and to determine the amount of volatile gases and 
fixed carbon in the peat. The standard method of determina- 
tion was employed, i. e., to heat 1 gram of the air-dried 
powdered peat in a platinum crucible for 314 minutes over a 
bunsen burner with a low flame, which was then turned on full 
for the same length of time after which the crucible was cooled 
and weighed. The results are tabulated below. Since by this 
method the ash was included in the coke and weighed as such, 
samples containing high ash gave correspondingly high results 
for coke. It is-necessary, therefore, to consider the ash content 
in comparing the figures for the coke. 

Nitrogen Content.—“ All the samples were examined by the 
Kjehldahl method for the total nitrogen present. Three grams 
of the powdered air-dried sample were found sufficient. These 
results may be useful for the manufacturer of filler for fertilizer, 
and the gas manufacturer using peat either in a by-product 
coking oven or with the Mond producer or similar systems for 
the recovery of the nitrogen. In our examination of 123 sam- 
ples from this state, the lowest amount of nitrogen found was 
0.74 per cent., the highest figure was 2.83 per cent. The aver- 
age was 1.75 percent. The results of the analyses are given in 
the table below.”? 


*Parmelee and McCourt, loc. cit., p. 262. 
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TABLE SHOWING ALL TESTS OF NEW JERSEY PEATS. 


=| 
a4 
Locatity. A 
& 
iF 
3 
RPOGUGMOC \ 5. cosencevensses|sveceeseosss 
PARREMAONG .,: cctestnesassnsess 5a 
PMIETCGIG <. vyesencvssesessace 5 ab 
Sprout Brook............... 8ak&b 
Sprout Brook............... 8b 
Sprout Brook.............. 8c 
Hackensack ...........0000 gb 
RORMIBRCK, 50.55 00s socenanv: gc 
DTN OMS 45505. scecceenses. 1Iob 
Springdale ............0.00- 10e 
Buckmire Pond ........,... Ila 
PECUNEON Sas ckucavesuses acess I2a 
PORMMIINE Gel cinb0s6eseveossee I2a 
East of Newton ............ 12d 
East of Newton ............ I2e 
RREMEUR since, vor -coscnccuresosd 13 ef 
ROMP VANE oucsyeKbe 05 6so0ccoes I4e 
RMUAV ERLE coc csspensen csoscce I5e 
SIRIRU ELLOS Gye su ssesssvecnons Ise 
RUAMENRE scescncsesisvessese 15b 
Sparta Junction............ 16a 
Sparta Junction............ 16a 
Sparta Junction............ 16d 
Sparta Junction...,........ 16e 
Washingtonville ........... 17a 
Washingtonville ........... 7e 
MATRIX: Tacvci bh) shes esageecses’ 20e 
PMIRNOK capvansey obs sersssessess 20 f 
SEDEEE La vehi h sisbep sunsssne 20 g 
SPUBUES cosraho an veussduveveds .| 20h 
PINSON Sorckuscsutarsavaccesse 201] 
TONER: Lepsius cate bases: 20m 
Beemerville .............000 21a 
BCSMETVINE 5. 2000000000000 21e 
Beemerville ...... 2.002.000 21e 
Beemerville ............-.+0 21g 
Wykertown ........ccccsesss 211 
ROUNADR Cees 5 /atecisocnosuiseee 200 
MRE Seah dawcbseeiescsavcsse 200 
MEO iveneicvesssapesvesesens 20 st 
IMMER Gs Setwbteanesies oe sucess 20t 
Af c's 22a 
AMORIVAEE ssi sneetsisusthes6 <3] 22D 
MMOD cone chptvernissctacsces 23a 
ERIN GS cahcgeee rhatkaeiseyer 23e 
WOO. sc0ccnvsicasesnsese sua 23h 
SEEN oki coesy Us hnsosesaben 23] 
MUIR S Wks cewasnnboreasst 23r 


WTI vinsyenevsccevesconsess 23q 





Sample Number 
Moisture, 105° C., 
Per Cent. 


RH 
88 
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+Y 
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Ash, Air-dried 
Sample, Per Cent. 


29.12 
50.43 


Calories. 


| 4707 | 8,473 


British Thermal 
Units. 


Nitrogen, Per Cent. 


7,582 | 2.06 


7,582 1.77 

Sat looe-keaiens 1.65 
7,879 1.71 

RED casbapveree 2.10 
8,260 2.00 

devs lav sbesenks 1.48 
8,779 | 2.13 
8,975 | 2.25 
8,834 | 2.02 
pavelnncssebuted Of 
Spbsliveessapess 1.76 
1.04 | 

eS si foovseecenrs 1.79 


2. 
2.73 


Fixed Carbon, 
Per Cent. 


Coke, Per Cent. 
Volatiles, Per Cent 


9,338 | 2.24 | 33.09 


a 


_~ 


or 


see eee es seeeer ees seneeeeee 


_ 





TABL 


LocaLi1 


Beaver Run.,... 
Beaver Run.... 
Harmonyvale.. 
Stockholm ..... 
Dunker Pond.. 
Wyckoff ........ 
Berkshire Valle 
Berkshire Valle 
Berkshire Valle 
Berkshire Valle 
Berkshire Valle 
Berkshire Valle 


< Mt. Hope...... 


Mt. Hope. .... 


Rockaway ..... 
Rockaway ..... 
Mountain View 


Chatham........ 
Great Swamp.. 
Black Meadow 
Great Meadow: 
Troy Meadows 
Great Swamp.. 
Great Swamp.. 
Great Swamp.. 
Great Swamp.. 
Troy Meadows 
Troy Meadows 
Troy Meadows 
Troy Meadows 
Long Meadow 
Hatfield Swam 
Hanover 


Bog and Vly.. 
Bog and Vly.. 
Cranford ...... 
Rahway River 
Dismal Swamy 
Newark Mead 
Newark Mead 
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TABLE SHOWING ALL TESTS OF NEW JERSEY PEATS.—Continued. 
“ @ Sew wae 2 ee fee Cee 
5 eS eee ee oe ee 
eo. Le 2M lee] al de ely aed 
aig ff + | ea | ae ai Se one eee 
: il cil a I we ac! Seale a - 
.20 | 61.77 | ERE REUN ooo vscssaneseeaes | 25d 55 | 15.70 | 25.8 Dl seeseeses|seeeeeeeene B08) eesesetslaptensnextalacocnes 
68 | 58.43 Beaver Run .. sesssceeessees| 25 € GO: | DAA) BOB occ sccces|nvsacsucces URC 2 PRrrean nee oa ar ora (Reo es 
.16 | 70.80 Harmonyvale . Posccenetereeee | 25¢ 57 | 16.66 | 23.25 4,027 | 7,249 | 2.20 42.60 | 19.35 | 57.40 
9 APRPOMMIOIID  ..5..5c065. ccaceae | 26a 58 | 17-49 | 5-75 | 5,284 9,510 | 2.10 | 35.31 | 29.56 | 64.69 
“aa Dunker Pond...... ........| 26d 59 | 17.80) 6.24 | 5,265 | 9,482 | 2.11 | 34.30 | 28.06 | 65.70 
See aaa B PREROI sc.ssscrsseses00c0sc| 29D 60 | 16.77 | 24.70 | 4,049 7,287 | 1.98 | 45.90 | 21.20 54.10 
Cd eal Berkshire Valley | 27h 61 | 15.43 | 18.21 | 4,387 | 7,897 | 1.80 | 46.26 28.05 | 53.74 
Ol 53.25, Berkshire Valley 28a 62 | 11.87 | 37.42 |seeveeresleasesereeee Ly gf] Baan oy RA fee, FONE AL 
ms Berkshire Valley 28b | 63 | 13.87 | 24.95 | 4,276| 7,697 | 1.79 | 47.10 | 22.15 | 52.90 
Sots Lise Berkshire Valley...........| 28¢ 64 | 14.69 | 23.24 | 4,456 | 8,021 | 1.61 | 46.01 | 22.77 | 53.99 
ie a | Berkshire Valley..........., 28c | 65 | 14.04 | 20.10 4,800| 8,640 | 1.54 41.95 | 21.85 | 58.05 
Sue eal Berkshire Valley...........| 28h] | 66 | 13.63 | 24.38 | 4,300] 7,739 | 1.48 45.20 | 20.82 | 54.80 
saat ky < Mt. Hope.................| 29¢ | 67 | 14.32 | 16.44 | 5,117 | 9,211 | 1.54 42.65 | 26.21 | 57.35 
75, 66.91 PEETELODE 5 yeecssicsansccees 29d 68 | 15.26| 5.14 | 5,645 | 10,162 | 1.27 | 43.85 | 38.71 56.15 
95 56.27 SE SUMEEEIIE.. 5 sn005 ccvosseces 29k 609-18 3.60' | 27.46) 1... .ccccclcoccoccsscs iO ce aac cch a cosaneel ccucseaus 
; BUR REODE 'y 55050 scessecasees | 29 Ww 70 | 16.27) 9.47|5,159| 9,287 | 1.87 | 38.76 | 29.29 | 61.24 
ata esi MIE vcass2sescicecesaead 3th 71 | 15-79 | 19.27 | 4,355 | 7,803 | 2.34 | 42.94 | 23.67 | 57.06 
66 55.15 BEBE Nc issnopcccsvessececsdy 321 | 72 | 14.59) 9.34 | 5,488 | 9,877 | 1.17 | 37.64 | 28.30 | 62.36 
23 ; CES 32j | 73 | 13-69 | 14.26 | 5,193 | 9,347 | 1.30 | 41.78 | 27.52 | 58.22 
wis 6E.00: : RNIN vn ss ciciviecaincuacustes 32q WX EIOs| CERO akssdocclecceseeei ce 1.42 |...ssceeelsceee coelecees Bess 
4 o SUMMED nea'sesvcscct coves 338 | 75 | 16.20/| 10.54 | 5,057 | 9,102 | 2.11 | 32.25 | 21.71 | 67.75 
)- 32 | 59 | SEMMERY ici cvecodvectence 33g | 76 | 14.17 | 16.46 | 5,049 | 9,088 | 1.98 | 41.10 | 24.64 | 58.90 
ceed vonnveoneaaa Mountain View ............| 46 PPE PAOGS 1.GECOSH cic cenccslancescevoss| EsO2il ccs cvecelechascesslacerstess 
Ras ae EOUIMRUIRIN sc 0sssecssesscoscees| 95 b SO} EG6AT | 33007. | ...050s05| ccoveeesesst 280 Hassochcvulegsettadstecesctues 
Tn ae Chatham...........scesceooee) 35 Uk | Sr | 14.82 | 53.87 |.......0.fecceeseeeee] O19B |eccesecce| osccscccleccees ces 
ieee jor | Great Swamp...............| 361 BQ BLOS | SA OB) ly 55000 vas] vseseees esl Ee SO [sevaswens| ccvevewsu} eb! bavess 
nae ith ' Black Meadows............| 37d 83 | 17.80 | 12.43 | 4,791 | 8,624 | 2.05 | 38.81 | 26.38 | 61.19 
meee ane Great Meadows............) 37€ 84 | 17.81 | 10.84 | 4,885 | 8,794 | 1.88 | 37.45 | 26.61 | 62.55 
pets 58.10 | Troy Meadows ............ Qt | 85] 2I4S:| 49.784 ec seccss secs Davee ol eee Feb eevukelenavecese 
one | ore > Great Swamp.........0.000. SO | BG.) 7:68 O66 | ooicsics |serneccsoss O58 cuca ae eee 
aga Nickie RUE OMBUNDs <5.0000s0.2006|> BOK || OF .|' OsBOi| SOLAS |i: scvccvlccsecossec. 1.26 | sesseene|eneeseeslononen om 
5.57 62.05, Great Swamp.............6 ABk. - Heit | BkvBO BELO9.\.5 icc, ceslivucccovecs TeSa: |i esscese |-seseeeeeleceeeeees 
17 58.60 Great Swamp............00 381 89 | 16.19 | 13.86 | 4,947 | 8,905 | 2. 07 | 40. 09 | 26.23 | 59.91 
. 6 60.62 Troy Meadows ............ 41 i RSE AOR crest ccd cescccevaes ELBG 1 on csceisl erasscesl vccoccexs 
ae 6 Troy Meadows ....... .... ly at PRON SEOE ccc. vcvclcaseraeses EGET) cesiacestepicesars issues st 
32 | 55-95 Troy Meadows ........+... 41s | 92 | 17.54/| 10.60| 5,272| 9,490 | 1.46 | 37. Bo | | 27.20 | 62.20 
aed ee 8o | Jtoy Meadows ............ 41b 93 | 17.86 | 13.44 | 4,901 | 8,820 | 1.98 | 38.96 | 25.52 | 61.04 
+37 | 55: Long Meadow.......... ... | 42a 94 | 17.89 | 17.61 | 4,575 | 8,237 | 1.80 | | 42 29 | 24.68 | 57.71 
Se eee Hatfield Swamp............ 42q ORG) Arr S SOMO lcccenuscclaseucercsss 
8.84 | 63.89 ccs dsscekasues | 43a Re hae ODEN Ts coos lacesecenane 
peed be FOQDADNOC ,.ccssccccessceves] 45 C 98 | 19.84 | 12.69 | 4,789 | 8,620 
gS | ans RES hascrvene| 100 | 18-68 | 36.87 [orca ctsne 
; 97 3? 99 ft Bog and Vly. s-cccccscceeeae 47€ | TOL | 15.26 | 25.19 |.....c00elecesecceees 138 
wy | Oe Bog and Vly...... «| 47g | 102 | 17.25 | 7.28 | 5,378 | 9,680 | 2.16 | 37.08 | 
bible bet = Cranford .......... oe Nt) ROR RAR BOO el ccc abwck = 
peakld bat Rahway River | ee ROM 80931 BOLGG |. 5. ccvess|secccrcsnse 
json ees| seccounae i Dismal Swamp, | 50b | 105 | 19.02 | 20.43 | 4,335 | 7,803 r 4 42.35 | 21.92 | | 57- 65 
mieten ee Newark Meadow .........| §2b | 106 | 21.33 | 50.86 |......ccslecccesseeee Susvaniwaulssusacacelivicestce 
ars) Newark Meadow ........ | 52b | 107 | 11.00 | 44.34 |eesseeons [cvonuesessi ae apt AS Ee 
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oe 

: a 

Locatirty, | ad 

3 
Newark Meadov ......... 53k 
BULISROE DOLL ..<2.5.00000005 54e 
Lo Le errr 56f 
SDRTAVBLIE s.scssasesceseseanenes 56z 
SSOULO WR 055005 scececiecees 58a 
Bear Swamp ............006 32 
NSRLWODG «...5.0csreccsceees 4b 
WVORWOOE ....sc0cccccscceess 4c 
SSOMTRIOWN .icisecccessccsess 58b 
Keerrs Corners. ........s0:00 58e 
Kerrs Corners.......,....... 58k 
BRRRUANOS s 5500555550 00508004) HO 
Johnsonburg ............... 57a 
CSPOEN VILE ......000c0sse0cee 59d 
CSPERVILIC &.occccceccsccovees 59g 
RIOD o50siscncousesece 60a 
DEC PRRETINAN,, ..00s000000008 6oe 
JAS 7 SS es | 61e 
Pigeon Swanmp.............. 62k 
Pompton Plain........ Suanbs 63¢ 
Pompton Plain.............. 63e€ 
Pompton Plain.............. 63e 
Franklin Lake.............. 63 f 


Woodbridge Mfg. 


| 
| 
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Sample Number. 


ee pee 


| 24.07 


| 20.90 | 


Moisture, 105° C., 
Per Cent. 
Ash, Air-dried, 
Sample, Per Cent. 


20.06 
64.66 
11.04 
13.31 
6.54 
55.01 
33-38 

7.30 
13.42 

8.01 
| 7:92 


18.59 
9.02 
20.84 


27.70 


9.03 
12.79 
16.90 | 





22.13 | 
21.89 | 
28.14 
21.63 | 15.82 
16.39 | 42.11 
6.09 | 42.80 
14.72 | 40.81 
22.68 | 16.7% 
16.82 | 10.41 
24.25 | 20.40 
13.82 | 38.50 


8.62 


| 19.17 | 13.64 


11.36 | 52.19 
12.50 | 8.34 
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Present Uses in New Jersey.—The chief use of peat in New 
Jersey at present is in connection with the manufacture of fertil- 
izer chiefly as a filler and for mixing with dried blood. 
use of peat for this purpose presents certain advantages both 
from a mechanical and chemical standpoint, which render its 


use desirable. 


The 


Where peat is used as a filler the fertilizer shows 


less tendency to become lumpy, so that a more even distribution 


on the soil is readily obtained. 


Since all peat contains varying 


amounts of nitrogen, its use as a filler increases the nitrogen 


content of the fértilizer. 


plants, when directly applied to the soil. 


It is true, indeed, that many author- 
ities deny any value to peat nitrogen as a source of food to 


If their view is cor- 


rect, the consumer has good grounds for objections, when the 
manufacturer includes the peat nitrogen in his guarantee, along 
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with the high-grade organic nitrogen. Other authorities, how- 
ever, assert that the peat nitrogen does become available for 
plant food, although not very rapidly, and that it has some money 
value for this purpose. However that may be, the fact remains 
that it is now used extensively for this purpose by manufacturers 
of fertilizer. 

The Woodbridge Manufacturing Company have a plant 
located near Danville, on the Pequest Meadows, where the 
upper layer of peat is dug, dried and pulverized. The drying 
is done in an inclined cylindrical kiln, 30 feet long, 4 feet in 


diameter and takes from 15 to 20 minutes. The capacity of 


the plant was II to I2 tons per 12-hour day, but it has recently 
been enlarged. 

The American Agricultural Chemical Company and the 
Alphano Company have recently started operations several 
miles northeast of Danville, on the west and east sides of the 
Pequest Meadows respectively. 

Several attempts have been made to utilize peat as fuel. The 
most recent was made by the American Peat Coal Company, 
whose plant, located on the Bog and Vly Meadows, 2 miles 
west of Pequanac, was in operation during parts of 1904 and 
1905. The freshly dug peat was put through a kneading and 
molding machine, of the type known as the Heinen Double 
Breaker, with a daily capacity of 50 tons. The peat after thor- 
ough mixing and kneading issued from the die in two bars, 
each 414 inches square, which were cut by hand into briquettes, 
transferred on trays to the carrying belt which conveyed them 
to the drying house. No attempt was made to expell the water 
by pressure in the machine, but the briquettes were air-dried on 
shelves of wire netting for 2 to 4 days. The finished product 
was clean and hard, and could be handled without much break- 
age. The plant was never run to its full capacity and the market 


was mainly local,.the fuel being used for domestic purposes 
chiefly. It sold at $3.00 per ton. 











THE MAXIMUM RATE OF DEPOSITION OF COAL. 
Grorce HALL ASHLEY. 


In the preceding paper? in this series the attempt was made to 
ascertain the maximum deposition of the coals of the northern 
Appalachian coal field, it being held that the time necessary for 
the formation of each coal bed must be sufficient to permit the 
formation of that bed at the point of its greatest thickness. The 
sum of these maxima gave a total thickness of about 300 feet 
for that field. The purpose of obtaining this number was the 
belief that a study of the maximum rate of deposition of vegetal 
matter to-day in connection with the known maximum deposition 
of coal in a selected area might form the basis for estimating 
the time involved in the process. 

Without going over the evidence in detail, it is apparent from 
a comparison given beyond that under the conditions existing 
to-day, the most rapid accumulations of vegetal matter result 
from the growth of more or less aquatic plants under certain 
favorable conditions. 

Turning, then, to the consideration of the aquatic or semi- 
aquatic plants, we are concerned with the growth or rate of 
accumulation of the resulting carbonaceous matter. There are 
a great variety of such plants, varying greatly in their habits 
of growth. The accumulation of the remains of such plants 
may be broadly classed as peat beds. Under certain conditions 
these plants, on dying, undergo only partial decomposition and 
the gradual accumulation of carbonaceous matter results from the 
process. Such accumulations are commonly below water level 
in lakes, ponds, or along the seashore, but under certain favor- 
able conditions of moisture and temperature they may be above 
water level on gentle slopes. While in some cases such accumu- 


+ Published by permission of the Director of the United States Geological 
Survey. 
* Economic Grorocy, Vol. I., No. 8, p. 788. 
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lations may result from the growth of a single species of plant, 
generally a number of plants contribute to the result in any one 
case, sometimes without a predominance of any one form. In 
Europe the moss Sphagnum palustre predominates in these bogs. 
In America they are due to the growth of a number of aquatic 
plants, especially the Polygonums and some varieties of water 
lilies. In Asia wild rice, Oryza Sylvestris, is the dominant plant. 

Our knowledge of the rate of accumulation of these plants 
is derived mainly from the north of Europe where the resulting 
beds have for centuries been dug for fuel. The rate varies with 
conditions, from that holding over the larger part of any area 
which does not permit the accumulation of any vegetal matter, 
except the mould of the fields and forests, which, from our 
standpoint, is insignificant, through those permitting the slow 
growth of peat, to those characterized by a most luxuriant 
vegetal growth with the necessary conditions for its preservation. 

Europe contains many bogs in which the occurrence of ancient 
works of art or architecture, of which the approximate age may 
be determined, give opportunity to estimate the rate of growth. 
Rennie’ reports the case of a Roman causeway under 8 feet of 
peat. At the outside this gives a rate of 1 foot in 200 years. 
Among other cases he gives one mentioned by the Earl of 
Cromarty, who in 1651 crossed a small plain covered with fir 
trees, still standing, but very old and decayed. Ffteen years 
later not a tree was to be seen and the plain was covered with 
green moss. Visiting the same place in “ 1699 he saw that the 
whole was converted into peat moss from which the inhabitants 
took peat.’ 

Percy® cites Roman roads under 36 feet of peat which would 
require an annual growth of the peat of 5 to 6 millimeters. 
Lesquereux* claims that emerged mosses under the most favor- 
able circumstances will show a growth at the top of the bog of 


*Rennie, Rev. R., “Essays on Natural History and Origin of Peat Moss,” 
London, 1807, p. 40. 

* Rennie, loc. cit., p. 66. 

* Percy, John, “ Fuel,” p. 201. 

*Lesquereux, Leo, Geological Survey of Pennsylvania; Ann. Report, 1885, 
D103: 
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I inch a year, becoming less than one eighth inch lower down 
and still less in old bogs. He estimates that the average product 
of the compressed vegetation results in one foot a century. The 
immerged bogs he claims always grow more slowly and less 
regularly, many of them having shown a growth of only 5 or 6 
feet from the time of Cesar. Koller’ gives the rate of growth 
in some peat bogs as 75 centimeters in 100 years. Yet others, 
he says, give the same thickness in 30 to 50 years, while in still 
other localities as high as 2 meters have been formed in 70 years. 
Giekie’ cites some cases of extremely rapid growth. In one 
case in the west of Rosshire at least 4 feet of peat was formed 
in 48 years. In the valley of the Sonne 3 feet will grow in 
30 to 40 years. Ona moor in Hanover a layer of peat 4 to 6 
feet thick grew in 24 years. Examining into these cases of very 
rapid growth, it appears that in most instances they are the re- 
sult of growth under peculiarly favorable circumstances. In a 
growing bog it has long been the custom, in order to continue 
the bog, to cut the peat in the form of pits, these pits often 
being 6 by 20 feet in dimensions, and sometimes smaller, though 
often larger. After the removal of the peat, the pit is allowed 
to fill with the marsh water and in a comparatively short time 
the peat will be renewed so that it can again be dug for fuel. 
Rennie* quotes cases where a ditch 10 feet wide and 7 feet deep 
becomes so filled with aquatic plants in 10, 20, or 30 years that 
men and cattle may safely pass over it; “ though the bottom be 
loose and liquid, it is solid on the surface, and in an age or two 
the whole would be ripened into turf.” In shallower pits the 
growth is even more rapid so that in some cases good peat may 
be cut out of the pits within 30 years after their first digging. 
Percy* quotes one case in Ireland in which a plot of ground was 
shown by an Ordnance map made in 1842 to be entirely covered 
with water. In April 1872 the same area was found to contain 
a bed of peat 15 feet thick over which a railroad passed. This 


1“ Torfindustrie,” p. 11. 
® Giekie, Archibald, “ Text-book of Geology,” 2d edition, p. 443. 
3 Rennie, loc. cit., p. 127. 
‘Percy, loc. cit., p. 201. 
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case has been cited as an instance in which 15 feet of peat grew 
in 30 years, or at a rate of 6 inches a year. It may be ques- 
tioned, however, if there may not have been a considerable ac- 
cumulation of peat under the water surface at the time that the 
map was made. Rennie’ quotes from a letter by Dr. Graham, 
of Aberfoyle, as follows: 

“With regard to the peat holes or pits which within these 22 
years I have had dug myself, many of them are already so over- 
grown with Sphagnum that they present an almost solid sub- 
stance. Those that had been dug by one of my predecessors 
between 1732 and 1770 have been long ago renovated and they 
have actually had peat from them again.” (Letter not later than 
1807. ) 

The figures given indicate that under the most favorable condi- 
tions peat has been known to form at as high a rate as 1 foot in 
s years. These conditions include not only favoring temperature 
and humidity, but stagnant basins so small and shallow as to 
restrict or eliminate the action of waves or currents, experience 
showing that the rate of growth is less in larger or deeper basins. 
On this account it is believed that a rate of 1 foot in 10 years is a 
fair average maximum for normally favorable conditions. 

But because 3 feet of peat may form in 30 years does not imply 
that 30 feet will form in 300 years. Lesquereux has already 
been quoted as saying that 1 inch of growth at the surface was 
equal to one eighth inch farther down, and still less on old bogs. 
He estimates that a growth of 1 inch ina year at the surface will 
be equivalent to 1 foot of compact matter a century. Rennie 
quotes De Luc to the effect that 1 inch at the base is equal to 2 
feet of material at the surface. The matter may be approached 
in another way. Young peat may contain as high as 9o per cent. 
of water; 85 per cent. being a common figure. Such peat, after 
air-drying, for two or three weeks, will contain from 15 to 30 
per cent. of moisture, about 20 per cent. being a fair average. 
On the drying, a brick with a volume of 120 cubic inches will 
shrink to 24 cubic inches and in weight from 6 pounds to 1.3 
pounds. In this condition it may have a specific gravity as low 


1 Rennie, loc. cit., p. 317. 
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as .11, but averages near .30 (this is the apparent specific gravity, 
or the weight of a given volume of peat, including air spaces as 
compared with the weight of a similar volume of water. The 
peaty matter alone will always sink in water, so has a specific 
gravity of over 1). In contrast with this, old peat well com- 
pressed in a bog may not show over 30 per cent. of water, and 
when air-dried will show a specific gravity of up to 1.03, accord- 
ing to Karmarsh.* 

Kane? gives the specific gravity of air-dried peat from the 
upper part of a bog at Phillipstown, King’s County, Ireland, 18 
feet deep, as .405 ; the lower part of the same bog gave .669. The 
upper part of a bog at the Wood of Allen, Ireland, gave .335, and 
the lower part .655. The upper part of the-bog showed as much 
as go per cent. of water and the lower only 30 per cent. before 
air-drying. 

In addition to the loss of water, the peat has also suffered a loss 
through the extraction of a certain amount of its carbon, hydro- 
gen, and oxygen in the form of carbonic acid, marsh gas, and 
water of constitution. Kane gives the following analyses of 
peat from the upper and lower parts of bogs: 


Sp. Gr. c H. oO. N. Ash. 
Surface peat, Phillipstown......... .405 57.5 6.8 32.2 1.42 1.9 
Bottom peat, Phillipstown.......... .669 58.4 5.9 31.4 85 3.3 
Surface peat, Wood of Allen...... 335 58.2 6.4 31.3 1.23 a7 
Bottom peat, Wood of Allen....... 655 56.2 5.3 29.8 75 7.9 


The following analyses from Johnson* show some of the steps 
in the change: 


H. 0. N. 
SOUMEEANIN ATIONG>. <ssis vtec 00's Sa SaN SOR RRO RS eee 49.8 6.5 42.4 I.I 
PRE ond nig n ova sis Me bick VES See RON ERO RODE ewes 49.9 61 43.1 i 
oN Ie ne SE rn Ee 50.3 6.3 42.4 I 
BORUEY. vaists ures conie mu Sic eee bc NF aM Oe nies hoes Osa 506 6 41.1 1.3 
Sphagnum in peat, light brown, porous .......... 50.8 5.8 42.5 ae 
EBat, DOTSUS LOU OEOWN < o5 5.216 5 divie'o.0 3 96 610:010'0 00's 53-5 5.9 40.5 
Oat MIRA US DODOWE <5 4/ecin Gas sls uA bo Uassinie's Sas ores os 56.4 5.3 38.2 
Peat, dark red brown, well decomposed .......... 59.4 6.5 31.5 2.5 
Peat, black, very dense and hard ............e00- 50.7 5.7 33 1.5 
ORL UNI TIORUY.« ccdiscwiwn'p oeech etnies ses 6910s ole 50.7 5.2 32 2.5 
Peat, brown, heavy ..,..cccsccscsccccccccscevecs 62.5 6.8 29 1.4 


1 Johnson, “ Peat and its Uses,” p. 95. 

*Report on the Nature and Products of the Destructive Distillation of 
Peat, etc. 

5 Loc. cit., p. 24. 
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Websky analyzed gas from a bog at Grunewald obtained 1 
foot below surface of bog with the following results : 


: ; Volume. Weight. Carbon. Hydrogen. 
EEN TORTS (Sea 2.97 5.57 1.52 
ATER EAS sic tc 4 bie 070 bs 43. 36 30.04 22.53 7.51 
PRUPORERG fess asharkt.c cbs c's vs ce 53.67 64.39 


Bischof* has estimated this loss to vary from 21 per cent. to 
54 per cent. according to the assumed character of the lost 
material, the loss being in the form of carbonic acid, water, and 
marsh gas. Twenty-five per cent. may be taken as a conserva- 
tive estimate. (See tables beyond). 

Roughly, then, in a deep bog, such as must be postulated to 
yield the thick beds of coal, the 1 foot of peat at the surface laid 
down in 10 years will later shrink to 3 inches, due to the loss of 
moisture; its loss by partial decomposition has been estimated at 
about one fourth of the vegetal matter, of which it is composed, 
but as its specific gravity increases to about twice what it was 
before compression, the original 3 inches will be compressed to, 
say % of 3% of 3 inches, or 1% inches, and probably less in 
very deep bogs. This gives about'1 foot in a century as the rate 
of accumulation of the buried peat, substantially in agreement 
with the rate given by Lesquereux. 

Having now obtained a figure representing the maximum rate 
of deposition of peat in deep bogs, if it can be determined how 
much coal 1 foot of compressed peat will yield, we will be in 
a position to estimate the time interval involved. This third 
factor of the problem is the most difficult of approach and the 
most uncertain in the results yielded. As with the preceding, 
it may be approached from the side of the laboratory by a com- 
parative study of the analyses of the coal and peat or from the 
field by observing the thickness of coal deposited in basins of 
unequal depth, or the differential shrinkage with a variable thick- 
ness of coal. 

From the laboratory side a comparison of the coal and peat 
shows: first, a loss in moisture; second, a loss through the con- 


1 Erdmann’s Journal, 1864, p. 76. 
2“ Chemical Geol.,” pp. 280 et seq. 
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tinuance of the destructive distillation; and third, a gain in spe- 
cific gravity. 

Taken as a whole the peat bed will vary in the amount of 
moisture from go per cent. at the surface to about 30 per cent. 
near the bottom. In a thick bed the average will probably come 
much nearer the lower limit, say 35 to 40 per cent. The coals 
of the northern Appalachian field are dry coals, ranging from 2 
to 6 per cent. in moisture. Roughly, then, it may be said that 
the peat will lose one third of its weight through the loss of water 
in changing to coal. 

Taking the mean of 67 analyses of coal as giving carbon 82.2, 
hydrogen 5.5, oxygen 12.3, Bischof! has estimated the loss in the 
change from wood to coal. 

The problem has been worked out in three different ways. In 
the first case the loss is assumed to be in the form of carbonic 
acid and marsh gas; in the second carbonic acid and water, in 
which the hydrogen has been oxidized by outside oxygen; and 
in the third, carbonic acid and water, the oxygen being obtained 
from the wood. The probably true case in which carbonic acid, 
marsh gas, and water are all separated, is an indefinite problem 
which admits of several solutions. One set of Bischof’s figures, 
from which others do not differ materially, is as follows: 


Case I, Case II. Case III 
Wood Loss. Coal. Wood. Loss Coal. Wood. Loss. Coal. 
Re igtaigts's oe 49.1 — 31.0 = 18.1 49.1 — 14.80 = 34.30 49.1— 4.3448 
ee 6.3— 5.1= 1.2 6.3— 4.0I1= 2.29 63— 33= 30 
CSE a heaiers 476—41.9= 2.7 44.6 — 30.45 = 5.15 44.6 — 37.9= 6.7 
100 78 22 100 58.26 41.74 100 4555 54.5 


Bischof inclines to the third case as nearer the true one.? Yet, 
notwithstanding, nearly, if not quite, all the calculations seen by 
the writer which are based on these figures use the first one 
without any reference to the others. 

The same formulz applied to analyses of wood and peat gave 
losses in the change from wood to peat which may be compared 
with the losses obtained in estimating the production of coal from 
wood. This is done in the following table in which A gives the 
losses in the three cases in the formation of coal as in the preced- 


“Elements of Chemical and Physical Geology,” Vol. 1, p. 276. 
* Loc. cit., p. 286. 
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ing paragraph, and B the losses in the same cases in the for- 
mation of peat. 


A. B. Difference. 
BEV ehe rst atetste rete ocl ers Side dem 78 54.1 23.9 
0 EN Gnene <A RLGTA eA Ene 58.26 31.8 26.46 
1 1 SARS rh rst st ara a 45.5 21.75 23.25 


From these figures it would appear that in the formation of coal 
from peat there is a loss of about one fourth of the original 
vegetal matter in the formation of the peat, this further loss 
means a withdrawal of one third of the vegetal matter remaining 
in the peat. 

The weight of a cubic foot of peat from the lower part of the 
bed will average about 50 pounds. Withdrawing one third of 
that weight for the loss of water and one third of the remainder 
for the loss by distillation, there is left, roundly, 25 pounds. A 
cubic foot of coal from the Appalachian field on the average will 
have a weight of about 8714 pounds; therefore, to make one foot 
of such coal will require 314 feet of well-compressed peat. 


Turning to the field study of the problem it is evident that 


SOIL 








Fic. 2. Section of small coal basin exposed in quarry face at Redrock, Marion 
Co., Iowa. (After C. R. Keyes.) 


there is here a large field for study. A few cases will be given, 
not so much for the results obtained, which are rather discordant, 
as suggesting methods of approach. Of the occurrence of coal 
in basins it will suffice to give three examples, in none of which 
have we all the data desired. Fig. 2 shows a section of a small 
coal basin exposed in a quarry face at Redrock, Marion County, 
Iowa, described and figured by Charles R. Keyes.’ The coal 
is 6 feet thick and overlain by 30 feet of shale. The original 
depth of the basin is not quite clear, but was not less than 25 feet, 


*Towa Geological Survey, Vol. II., p. 53. 








42 GEORGE HALL ASHLEY 


and probably nearly, or quite, 40 feet. On this basis each foot 
of coal represents from 4 to 7 feet of original vegetal matter. 
Figs. 3 and 4 from measurements made by the writer in 1897 
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Fic. 3. Section showing the thinning of the coal in passing from one 
basin to another. From measurements made in Crawford No. 1 mine, Parke 
County, Indiana. 


in the block coal field of Indiana show the thinning of the coal in 
crossing the ridges which partially separate the adjacent basins. 
In these cases, to determine the factor of shrinkage, the follow- 
ing formula was used: Ax = Bx + C, in which A is the thick- 
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Fic. 4. Section showing thinning of the coal in passing from one basin to 
another. From measurements made in Gowtsherrie No. 3 mine, Clay County, 
Indiana. 
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ness of the coal in the basins, B, the thickness on top of the ridge, 
C, elevation of the ridge above the level in the center of the basins, 
and x, the reciprocal of the factor of shrinkage. The results 
gave, in the cases shown, in Fig. 3, x4; in the other case 
x= 87. In the latter case allowance was made for the bony 
character of the lower bench of coal. In the preceding case it 
is not known whether the lower bench runs out on the ridge, but 
it is assumed to do so. Again it is not now known whether the 
general dip, possibly involving both basins, may not have affected 
the figures given for the height of the divides. The heights given 
are from the mine track which it is assumed was laid to grade 
from one basin to the other in each case. 

In these cases it is evident that the factor of shrinkage will 
vary with the depth of the basin. A shallow basin, in which 
little compacting of the material takes place during its growth, 
may show a large factor of shrinkage. In a deep basin, on the 
other hand, requiring a long time to fill, the bulk of the materiai 
is well compressed before the period of growth ceases, and the 
factor of shrinkage after the growth ceases will be much smaller. 

In Figs. 5 and 6 are given two illustrations of an interesting 
type of rock roll. Evidently an erosion, or open water channel, 
existed in the top of the partly consolidated coal bed previously to 
the deposition of the regular roof. Sand was washed into this 
and at the same time stringers and films of carbonaceous matter 
were also carried out into the sand filling. Then the normal 
shale roof was laid down. Apparently some shrinkage took 
place after the laying down of the shale roof. Owing to the 
practically non-shrinkable character of the sand, that portion of 
the bed where the channel had existed did not as a whole shrink 
as much as the parts of the bed where it was all carbon. In 
the first case in Fig. 5, the shrinkage of the coal appears to have 
been from 2 to 1; in the case in Fig. 6 from 11 to 8. In these 
cases the coal may have been under compression by a considerable 
depth of water before the washing in of the shale roof. These 
instances are given merely as suggestions for future study. 

Another possible line of inquiry is through the study of the 
local variations of regular beds. Nearly every extensive mine 
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finds local “‘ swamps,” or low places, which in regions of very 
gentle dips may not drain themselves. In such “ swamps” the 
coal is almost always much thicker than normal. Careful level- 





Fic. 5. Rock roll, from Crawford No. 1 mine, Parke County, Indiana. 


ing to determine accurately the shape and depth of the low place 
with accurate measurements on the coal, both in and on either 
side of the “ swamp” ought to throw some light on the problem. 
In other cases it may be possible to detect a response in the thick- 
ness of the coal to what appears to be a low area in the bottom of 





Fic. 6. Rock roll near Lafayette furnace, Clay County, Indiana. 


the old bog, as judged by the fact that the interval to some under- 
lying regular stratum is less at that point. Mr. W. T. Griswold 
in some recent work has noted such a case a little to the southeast 
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of very of Steubenville Ohio. He finds the interval from the Pittsburg 
os” the | coal to the Ames limestone to be very constant for any limited 
it hiaval. area, the range in any one township usually being under 6 feet. 


At the point in question he finds this interval to be 35 feet less 
than the normal for that region. At the same time at that point 
he finds the Pittsburg coal to be 20 inches thicker than normal, 
the bottom bench being 20 inches as against 12 to 14 normally, 
the bearing-in bench being about 10 inches as against 4 to 6 
inches normally, and the partings 1 inch as compared with %4 
inch normally. Apparently the 35 foot extra depth of the bog 
was responsible for the added 20 inches of coal, or 1 foot of 
b coal resulted from 20 feet of vegetal matter. 

In summary, remembering that the writer’s purpose, as stated in 
the first paper, has been not so much to reach a figure that should 
be authoritative, as to suggest for criticism and correction a 
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ee method of approach, the factor 3 has been selected as represent- 

»w place } ing not the shrinkage of the whole bed, but the number of feet of 

n either well compacted, deeply-buried old peat necessary to produce 1 

problem. foot of bituminous coal of the general character of the Pittsburg 

he thick- coal of Pennsylvania. Applying this to our estimate that 1 foot 

ottom of of such peat requires a century for its deposition, and we have 

S55 300 years as the time necessary for the laying down of 1 foot of 

: average bituminous coal; at this rate the Pittsburg bed, where 7 

| feet thick, required 2,100 years for its accumulation and 4,000 

Paget: years in its best development in the Georges Creek basin of 
is Maryland. 

ae It is of interest to compare this figure with the result of compu- 

tations based on the growth of land plants. Shaler’ estimates 

the present rate of accumulation of carbonaceous matter (leaves, 

? boughs, bark, decayed roots, and seeds) for forested areas at one 

tenth of an inch a year, or 10 inches a century, 1,000 years being 

required to produce 8 feet. The computation is simplified by 

taking only the carbon of the plant growth. Liebig estimates 

easte. 1,000 pounds of carbon may be harvested yearly from a morgen 

M of the surface, a little less than two thirds of an acre. Lewis 

i under- and Gilbert estimate a crop of wheat to yield 2,500 pounds to the 

sriswold *Shaler, N. S., “Fresh Water Morasses of the United States,” Tenth Ann. 





outheast Rept. U. S. Geological Survey, p. 262. 
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acre. Estimates on the forest growth in Germany give 2,700 
pounds, while in the West Indies a crop of sugar cane may give 
from 21% to 5 tons of carbon per acre.' Estimates on the growth 
of other field crops, especially alfalfa and forage, give about 5 
tons of carbon to the acre as a maximum, the average in most 
crops being from %4 to 1% tons. The figure given means the 
obtaining of at least 1214 tons of air-dried vegetal matter per 
acre. 

Turning again to Bischof’s figures, they give the loss in carbon 
in changing wood to coal as between 10 per cent. and 60 per cent. ; 
if 20 per cent. be selected as conservative, there is left 4 tons of 
carbon. An acre of coal 1 foot thick of specific gravity 1.40 
contains 1,600 tons of coal. Of this 75 per cent. for our average 
bituminous coal, will be carbon, amounting to 1,200 tons for the 
acre. If 4 tonsa year of carbon becomes available in the produc- 
tion of coal, 300 years will evidently be necessary for the produc- 
tion of 1 foot of coal one acre in extent. In other words this 
estimate on the assumption that there is no loss of vegetal matter, 
gives practically the same result as our first computation, but, 
taking into account the loss by decay on the land and in trans- 
portation, it is evident that 1 foot of coal derived from land plants 
under the conditions of growth assumed would represent much 
more and probably many times more than 300 years. In fact, 
any theory of the deposition of coal in which the carbonaceous 
matter is supposed to be derived from the growth of land plants 
on land and their subsequent transportation and deposition under 
water, with the necessarily accompanying large loss from the 
decay in place and in transit must be at a disadvantage as far as 
rapidity of accumulation is concerned with the theory of its 
coming from the growth of water plants in place. Without argu- 
ing for or against the competency of the land derivation of the 
carbon of the Appalachian coal measures, it is clear that its con- 
sideration brings in indeterminate time factors which, therefore, 
place it outside the scope of the present inquiry. It is also patent 
that any figures based on this theory are liable to greatly increase 
the time result being sought. 


1 Nature, XXI., p. 211, 1877. 
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Turning to the Appalachian field as a whole, where it has been 
estimated that 300 feet of coal as a maximum were laid down, 
and it would appear that 90,000 years, say roundly 100,000 
years, were required for the laying down of this coal. As stated 
at the beginning, this can be accepted only on the basis of the ex- 
istence in carboniferous time of conditions no more favorable 
in kind for the growth of plants than at present, though with 
undoubtedly very different physiographic and other geologic 
conditions. Again it must be remembered that the figures are 
based on the maximum rate of growth, for, to consider slower 
growth would render the problem indefinite. Therefore, the 
figures given, if the data and the methods used are reliable, is a 
minimum. 





THE VALUE OF COAL-MINE SAMPLING. 
Marius R. CAMPBELL, 


INTRODUCTION. 

It is always satisfactory to have one’s conclusions verified, 
especially when they were originally based on scanty, or insuffi; 
cient data and are confirmed by more refined methods of work 
and by a great mass of evidence that makes them irrefutable. 
This statement applies particularly to some provisional conclu- 
sions which the writer published regarding the value of coal- 
mine sampling for the purpose of determining the commercial 
value of a coal, and to its verification by recent work along the 
same line. 

At the close of the St. Louis Exposition the writer endeavored, 
in a short paper read before the Washington meeting of the 
American Institute of Mining Engineers,’ to sum up the results 
of mine sampling as compared with carload sampling after the 
coal had been shipped to the Fuel-Testing Plant of the United 
States Geological Survey at St. Louis. Comparisons were made 
of the amounts of impurities contained in the samples taken 
by these two methods, and certain conclusions were provisionally 
reached. 

At the close of the year 1904 the writer ceased to be connected 
with the Fuel-Testing Plant, but the work was continued on 
about the same lines and samples were taken in the same manner 
as in the previous year. A larger number of samples were 
tested, however, and more care was exercised in their selection 
and treatment than was possible during the Exposition, and 
consequently the results are regarded as more reliable than those 
obtained during the previous year. The results obtained in 

1905 are now available,? and, together with those obtained dur- 

1“ The Commercial Value of Coal-Mine Sampling,” Trans, Am. Inst. Min, 
Eng., Vol. XXXVL., pp. 341-353. 

* Preliminary Report of the Operations of the Fuel-Testing Plant of the 
United States Geological Survey at St. Louis, Mo., 1905; U. S. Geological 


Survey Bull., 290. 
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ing the previous year, they constitute a large mass of data upon 
which it seems possible to base final conclusions. The object 
of the present paper is to present a brief résumé of these results 
and to compare them with the provisional conclusions which the 
writer published a year ago. 


MOISTURE. 

The provisional conclusions regarding the variations in the 
amount of moisture in car and mine samples, based on the work 
of 1904 were as follows: 

“The gains in the amount of moisture in the coal are about 
equally balanced. In the entire lot of 50 samples, 26 show a 
gain of moisture in the average of the car analyses and the 
average amount of gain expressed in per cent. is 1.35. In 24 
cases there was an excess of moisture in the mine sample over 
the car sample, and the average percentage of excess was I.II. 
Thus, considered as a whole, there was no perceptible gain or 
loss of moisture in transit or in the car samples as compared 
with the mine samples.” 

Nothwithstanding this apparent balance of the amount of 
moisture in the two classes of samples, certain differences were 
noted as follows: 

1. “ Lignites and lignitic coals are apt to show a greater per- 
centage of moisture in the car sample than in the mine sample, 
but the amount of gain is small.” 

2. “ Bituminous coals, having a high moisture content, (more 
than 5 per cent.), are apt.to show less moisture in the car sample 
than in the mine sample, and the amount of loss is about 1.5 
per cent.” 

3. “ Bituminous and semibituminous coals with a small mois- 
ture content (less than 5 per cent.), generally show a gain in 
moisture in the car sample of about 1.5 per cent.” 

When the analyses made during 1905 are combined with 
those made during the year previous, the differences noted above 
disappear to a great extent. The figures showing the amount 
of moisture in the mine and car samples for the two years vary 
considerably. In some cases the former is in excess while in 
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others the reverse is the case. There does not appear to be 
any definite law governing the variation in the amount of mois- 
ture in the two classes of samples, but taken in a broad way 
the analyses fall into large groups which seem to be well enough 
marked to deserve consideration. In the previous work the 
only distinctions observed were in those having less than 5 per 
cent. moisture in the car sample and those having more than 5 
per cent. In the larger number of analyses, this difference is 
not noticeable, but, as stated above, it is possible to divide the 
results into four great groups which have certain but different 
relations in their moisture content, as follows: 

Group A.—This group includes all coals in which the average 
moisture content of the car sample is less than 3 per cent. Of 
this group 18 samples show an excess of moisture in the coal 
from the mines and 6 samples show an excess in the coal from 
the car. The total excess in the mine samples is 9.47 per cent. 
and in the car samples 5.48 per cent. - The difference is 3.99 
per cent. This divided by 24, the total number of samples, 
gives an average excess in the mine sample of 0.17 per cent. 

Group B.—In this group are included all samples having an 
average moisture content in the commercial coal of from 3 to 
8 per cent. Of this group 18 samples show an excess of mois- 
ture in the commercial coal and the other 18 samples show an 
excess in the coal from the mine. The number of samples are 
the same in both cases, but the total amounts are quite different, 
the excess in the car samples being 24.60 and in the mine samples 
10.23 percent. The difference between these amounts, or 14.37, 
divided by 36, the total number of samples, gives .40 per cent. 
as the average excess in the car samples. 

Group C.—This group includes all samples having a moisture 
content in the average car sample of from 8 to 10 per cent. Of 
this group 4 samples show an excess in the commercial coal and 

II samples an excess in coal from the mine. The total amount 
of excess in the car samples is 2.24 per cent., and in the mine 
samples 10.69 per cent. The difference, 8.45 per cent., divided 
by 23, the number of samples, gives an average excess in the 
mine sample of .56 per cent. 
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Group D.—This group includes all samples having a greater 
amount of moisture in the car sample than 10 per cent. The 
mine samples show an excess in moisture over the car samples 
as in the previous group, but the excuse for considering it sepa- 
rately is that the average amount of excess is much greater than 
that of the preceding group. 

Of group D, 8 samples show an excess in coal from the car, 
and 22 samples show an excess in coal direct from the mine. 
The total excess in the former case is 10.50 per cent. and in the 
latter 48.56 per cent., the difference, 38.06 per cent. divided by 
30, the number of samples, give 1.27 per cent. as the average 
excess in the mine samples. 

Tabulated, the results are as follows: 


TABLE OF CoAL Groups ARRANGED ACCORDING TO THE Excess oF MOolISTURE 
IN MINE AND Car SAMPLES, 


. Excess in Mine Excess in Car 
Groups of Coal. Samples; Per Cent. Samples; Per Cent. 


A. Coals having less than 3 per cent. in car 
GAMNIOS cass |crestvozevsusees ites poecsessocsess +17 
B. Coals having from 3 to 8 per cent. in car 
BONIPNCS . casvceFasscostivntecestorsivchecesess 


— -40 
C. Coals having from 8 to Io per cent. in 








COL SAMIR .ceaevs sh asasFecnycvexesoesceese 56 
D. Coals having over 10 per cent. in car 
BAMNPIES <cccetaccaysccssscesissesseNcsesstssses 1.27 


The meaning of the above-described groups is not well under- 
stood, especially the reason why an intermediate group B, should 
show an excess of moisture in the car samples when coals of 
both larger and smaller content show less moisture in the car 
lot than in the mine samples. The reasons for groups C and D 
are evident. They include coals having a high moisture con- 
tent, and it is only reasonable to suppose that coal, of this char- 
acter would lose some of its moisture in transit, especially when 
the shipment occurred in midsummer, as was the case with most 
of these samples. It is possible that the coals of class B were 
shipped in bad weather and hence gained moisture in transit, or 
it may be possible that coals of this intermediate grade are in 
such a condition that they will absorb moisture from the atmos- 
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phere more readily than those having either a higher or lower 
moisture content. It is possible also that group B is not a 
natural group, but merely due to fortuitous circumstances. If 
that is the case, a larger series of tests would probably show that 
no such group exists. The apparent disagreement with the 
groups recognized in 1904 seems to indicate that many of the 
variations are due to conditions not inherent in the coal itself, 


and hence are irregular in their occurrence. 


SULPHUR. 

In general the results of the first year showed that the per 
centage of sulphur in the car samples was greater than that in 
the mine samples, and the result was stated thus: 

“The general average of the sulphur in all analyses shows 
an excess in the car sample above that contained in the mine 
sample. ‘The coefficient of increase in the 50 samples at hand 
is 1.04; therefore, in mine sampling, for the purpose of deter- 
mining the probable amount of sulphur in the commercial out- 
put of the mine, it is necessary to multiply the amount of sulphur 
in the mine sample by this coefficient of 1.04.” 

The results obtained during the second year serve to confirm 
in great measure the conclusions stated above. Of the 105 
samples analyzed during the two years, 75 show an excess of 
sulphur in the commercial coal; 28 show an excess in coal direct 
from the mines; and 2 show an equal amount in each. The 
total excess in car samples is 261.67 per cent. and in mine sam- 
ples 246.25 per cent.; 261.67 divided by 246.25 equals 1.06, the 
coefficient of excess of sulphur in the car samples over the mine 
samples. If, therefore, the amount of sulphur shown in any 
analysis of coal direct from the mines be multiplied by 1.06, the 
result will be approximately the amount of sulphur that may 
be expected in commercial coal from the same mines. In the 
report for 1904 this coefficient was given as 1.04 on a basis of 
50 samples analyzed, but the additional samples tested during 
1905 have given it a slightly larger amount and probably greater 
value. 
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ASH. 

The relation of the percentages of ash in the two classes of 
samples analyzed in 1904 was found to be far more constant 
than either the moisture or the sulphur. ‘ Of the 50 analyses 
compared, 46 show a greater amount of ash and 4 show a 
smaller amount of ash in the car sample than in the mine sam- 
ple.” ‘The total percentage of ash in the car samples (545.35) 
divided by the total percentage for the mine samples (418.36) 
gave 1.3 as the coefficient of increase; “ if, therefore, the amount 
of ash in any given mine sample be multiplied by this coefficient 
(1.3), the result will be approximately the amount of ash that 
may be expected in the commercial output of the mine.” 

The results of the combined work of 1904 and 1905 show the 
same regularity in excess of ash in the mine samples as was 
noted in the previous paper. 

Che total excess in the car samples is 1,062.66, and in the 
mine samples 825.95 per cent. ; 1,062.66 divided by 825.95 equals 
1.29. ‘This may be called the coefficient of increase and can 
be used in converting the ash in analyses of mine samples into 
analyses of commercial coal; thus, if the ash in the analysis of 
the mine sample be multiplied by the coefficient, 1.29, the result 
will be approximately the amount of ash that may be expected 
in commercial coal from the same mine. 

The coefficient determined in 1904 is 1.3, which is practically 
the same as 1.29, the coefficient determined by the results of 
1904 and 1905. The agreement is remarkably close and cer- 
tainly shows that careful sampling, even by different persons, 
will give approximately the same results. 

Personal Equation.—aAs noted in the previous report, the per- 
sonal element of the collectors enters largely into the results 
obtained ; thus during the two years A collected 34 samples, and 
the ash in the car samples obtained by him exceeds the ash in 
his mine samples.by an average of 2.17 per cent., whereas the 
average excess for the whole, 105 samples, is 1,062.66 minus 
825.95 equals 236.71, divided by 105 equals 2.25 per cent. In 
1904 the average for this collector was 2.4 per cent. The re- 
duction in the average amount of excess shows that in 1905 the 
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sampling by this man was more accurately done; that is, more 
of the impurities were included in the mine sample and it was 
more nearly typical of the commercial output of the mines than 
was the case in his sampling of 1904. 

B collected a total of 40 samples, and the ash in his car sam- 
ples exceeded the ash in his mine samples by 2.77 per cent. In 
1904 his average was 3.49 per cent. Therefore, he made a 
decided improvement in approximating commercial coal in his 
mine work. In 1904 his mine samples were entirely too clean 
to be representative, but the average for the two years was fair, 
although still above the average excess (2.25) for the whole. 

C collected 12 samples and the ash in his car samples exceeded 
the ash in his mine samples by 2 per cent. In 1904 his average 
excess was 1.66 per cent.; therefore, his work in 1905 was not 
quite so good as it was in 1904. 

D collected 3 samples and his average excess in the car sam- 
ples was only .79 per cent. 

E collected 8 samples and the ash in his car samples exceeded 
the ash in his mine samples by an average of 1.58 per cent. 

D and E made the best sampling record in approximating com- 
mercial coal. 

F collected 3 samples, but his work was of an entirely dif- 
ferent character from that of any other collector, as in 2 cases 
fout of 3 his mine samples contained more impurities than the 
carload lots which he shipped to St. Louis. The ash in his car 
samples fell below the ash in his mine samples by 2.13 per cent. 
There is nothing in the report to explain this anomaly, and so 
it must be attributed to accident or to his personal opinion as 
to what constituted commercial coal from those mines. 

As stated in the previous paper the object of this mine sam- 
pling was to secure coal representative of the commercial output 
of the mine, but this was not accomplished. After a year’s ex- 
perience the excesses were reduced, but not to a very great 
extent and it is very doubtful if under this plan it is possible to 
secure the same grade of coal as reaches the market. ‘There are 
several reasons for this which under present conditions can not 
well be changed. 
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Summed up and tabulated the results are as follows: 


TABLE SHOWING RELATIVE AMOUNTS oF ASH IN CAR AND MINE SAMPLES 
OF THE DIFFERENT COLLECTORS. 








Work of 1904. Work of 1904-5. 
Collector. Average Ex-| Average Ex- eo hath Average Ex-| Average Ex- 
Number of | cessin Car | cess in Mine | Number of cess in Car | cess in Mine 
Samples. Samples. | Samples. Samples. Samples. | Samples. 
ee 3 of Cane Cmte 34 BAG le Prien coe, 
Bovsaccsrses 16 Ci er 40 } B77 | cdexbeneduaccces 
RSaspasencss 8 BIOO} Wliesiarescccasees 12 | IDOE i ieacatcrsents 
D Revecssees 3 SOs 1 le tusssccextauene 3 | By [> a (a ee 
Riecaloscee ted evacuvbeseebn eel coer vendbceeseslentccveseoustoed 8 BLGS 4 tea Aesccsecee: 
Ries ath cet c on Picpeiveckas ae'c ex]: ia staenceesens| sey ounenscussaxd Qo 2 Ness sunepeseeheas 2.13 
AV SURCOSEL ox cccsdcccsies PRM 7 iects ccathaupaeeslipesacacessscean BiAS ts hickecpasccssaces 





Perhaps the most important is that the consumers do not 
demand clean coal and consequently the operator makes little 
or no attempt to keep his coal free from shale and bone during 
the process of mining and loading. In the second place, even 
if the operator is willing and anxious to improve the output of 
his mine, the carelessness and indifference of the miners will 
not permit him to do so. Positive instructions may be issued 
to throw out certain partings, but unless pickers are employed 
and suitable machinery installed, the chances are about 10 to 1 
that all the partings are loaded with the coal and also a large 
percentage of dirt from roof or floor. 

In view of this seeming impossibility of approximating com- 
mercial coal, the writer has recommended an arbitrary system 
of sampling which would reduce to the minimum the effect of 
the personal equation of the sampler and also obviate the neces- 
sity of trying to imitate the miner who not only leaves in the 
natural impurities of the coal, but through his carelessness adds 
more from an outside source. This can be done only by adopt- 
ing regulations covering each step of the operation. A method 
of coal-mine sampling was recommended in a previous paper, 
which will be repeated here with such changes as have been sug- 
gested by recent work. All geologists and mining engineers 
are urgently requested to conform to this proposed method so 
that the results of analyses may be compared. At present this 
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is generally impossible since no information is given as to the 
method of sampling or of analysis. 


PROPOSED METHOD OF MINE-SAMPLING. 

1. Never accept weathered coal, but select a fresh face of 
coal at the point where the sample is to be obtained, and clean 
it of all powder-stains and other impurities. 

2. Spread a piece of oil-cloth or rubber-cloth upon the floor 
so as to catch the particles of coal as they are cut and to keep 
out impurities and excessive moisture where the floor is wet. 
Such a cloth should be about 114 by 2 yards in size and spread 
so as to catch all the material composing the sample. 

3. Cut.a channel perpendicularly across the face of the coal 
bed from roof to floor, with the exceptions noted in paragraph 
3 and of such a size as to yield at least 5 pounds of coal per foot 
of thickness of coal bed; that is, 5 pounds for a bed 1 foot thick, 
10 pounds for a bed 2 feet thick, 20 pounds for a bed 4 feet 
thick, et cetera. 

4. All material encountered in such a cut should be included 
in the sample, except partings or binders more than 34 inch in 
thickness and lenses or concretions of sulphur or other impurities 
greater than 2 inches in maximum diameter and % inch in 
thickness. 

5. If the sample is wet it should be taken out of the mine and 
dried until all sensible moisture has been driven off. 

6. If the coal is not visibly moist, it should be pulverized and 
quartered down inside the mine to avoid changes in moisture 
which take place rapidly when fine coal is exposed to different 
atmospheric conditions. The coal should be pulverized until it 
will pass through a sieve with % inch mesh, and then, after 
thorough mixing, it should be divided into quarters and opposite 
quarters rejected. The operation of mixing and quartering 
should be repeated until the desired size of sample is obtained. 
When the work has been properly done a quart sample is suffi- 
cient to send for chemical analysis. This should be sealed in 
either a glass jar or a screw-top can with adhesive tape over the 
joint, and sent to the chemical laboratory for analysis. 











th 
m: 


the 


by 
asl 


act 
eac 


tio: 
it: 
val 
inc 
use 


as 1 
coll 
coll 








the 


e of 
clean 


floor 
keep 
wet. 
pread 


» coal 
yraph 
r foot 
thick, 
4 feet 


‘luded 
ach in 
urities 
ich in 


ne and 


ed and 
oisture 
fferent 
until it 
, after 
pposite 
rtering 
stained. 
is suffi- 
aled in 
yver the 


meee ee ee 








THE VALUE OF COAL-MINE SAMPLING 57 


7. The analysis of such a sample will show the grade of coal 
that may be obtained by careful mining and picking. In a 
majority of cases the sulphur and ash in the commercial output 
of the mine will exceed the amount shown by the analysis, but 
the former can be approximated from the latter by multiplying 
by the coefficients given above: 1.06 for sulphur and 1.29 for 
ash. These coefficients will only hold for general results, but 
it seems probable, that when more detailed work of this char- 
acter has been done, specific coefficients may be determined for 
each field or for each important coal bed. 

8. Each sample should be accompanied by a complete descrip- 
tion stating definitely how the sample was obtained and what 
it represents so that the reader may judge for himself of its 
value, and when analyses are recalculated the coefficients of 
increase should be given together with the authority for their 
use or the data upon which they were determined. 

9. In publishing analyses, full descriptions should be given 
as noted above, together with the name of the collector, date of 


collection, name of analyst, and care of sample after it was 
collected. 











DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
South Bethlehem, Penna. The full name of the author should be attached to 
all communications. 


HOW SHOULD FAULTS BE NAMED AND 
CLASSIFIED? 


Sir:—There is one discussion of faults to which Ransome in 
his recent paper has not referred, which defines very clearly a 
fault and its parts. This is by Willis,t and he clearly recognizes 
the incompleteness of ordinary definitions limited to “ normal ” 
and “reversed.” He says “ the term fault is of general applica- 
tion to any dislocation of rocks involving movement of the sepa- 
rated masses past one another.” He subdivides “ thrusts ”—dis- 
locations due to compression—into shear-thrusts, break-thrusts, 
stretch-thrusts and erosion-thrusts. Willis is exceptionally care- 
ful in his definitions of the parts of a fault; and every student of 
the subject would do well to give attention to his diagram, which 
applies as well to any other type of slip as to the overthrust 
figured. ‘“ Throw” is defined as vertical displacement, and is 
distinct from ‘‘ Displacement ” which is the distance of separation 
on the fault surface. This distinction has been confused by 
Spurr in his text-book,’ and is an important one, for the vertical 
measure of the dislocation is of consequence in triangulating 

1“The Mechanics of Appalachian Structure,” by Bailey Willis. U. S. 
Geological Survey, Thirteenth Annual Report, 1891-92. Part II., p. 222, and 
diagram opposite p. 226. 

2“ Geology Applied to Mining,” New York, 1904. “Throw may be defined 


as the distance between the two parts of any body, measured along the fault 
plane.” 


58 


> ———_—f-< 








thi 
do 
ce ij 
the 


vel 
pa 
lov 


ger 





intr 
thai 
for 
it is 
recc 
by 
thes 
pive 
ie 
esse 
men 
abo 































DISCUSSION 59 


thicknesses, whatever may have been the direction of motion, up, 
down or sidewise. Willis speaks of “ vertical throw” and 
“horizontal throw ” as synonymous with throw and heave, but 
these latter words would seem to be sufficient. They express the 
vertical and horizontal departure from each other of two earth 
particles originally contiguous, whatever path they may have fol- 
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the fault ment of lower rocks differential to a separate horizontal series 
above. Such a movement must always occur where isoclinals be- 
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low an unconformity are extended laterally by many dikes: the 
surface of unconformity is then transformed into a horizontal 
fault-plane. This is shown at the base of the Cambrian near 
Deadwood, S. D., where the old erosion surface of upturned 
schist has been extended areally by hundreds of Tertiary dikes. 
The intrusives swelled vertically into sills and laccoliths in the 
Cambrian. The Paleozoic beds consequently remained unbroken 
in many places where the Algonkian beneath was forced to ex- 
pand. Hence horizontal faulting took place along the contact 
between the formations.* 

Igneous lift occurs where an intrusive body beneath raises a 
block of strata, so that displacement takes place along some of the 
bounding surfaces of the block. This kind of faulting is inevi- 
table in a region of sills and loccoliths.? It is interesting by way 
of contrast with ordinary gravity faults and thrusts, in that the 
movement may be a direct upward push from below. If the 
fault plane be nearly vertical, its hade may be in either direction 
with reference to the block upraised, so as to simulate either 
“normal ” or “ reversed ” faulting. 

Pivotal adjustment of earth blocks is probably the commonest 
kind of faulting. It is that motion which would result from the 
tilting and pivoting of sinking blocks jostling against each other 
in a general process of crustal extension. Tilting of earth blocks 
in a single direction is common, as in the Newark formation. 
In the preliminary report on the San Francisco earthquake, cited 
by Ransome, it is further stated that “besides the general hori- 
zontal displacement of about ten feet, there is observable a differ- 
ential vertical movement not exceeding four feet, whereby the 
southwest side of the rift was raised.” 

This diminishes southward to zero and “ still farther south 
there are suggestions that this movement (vertical) may have 
been in the reverse direction.” * 

This last statement is very suggestive of a pivotal movement 


2“Taccoliths of the Black Hills,’ U. S. Geological Survey, Twenty-first 
Annual Report, Part III., p. 201, Fig. 60. 

2Toc. cit., Pls. XX., XXL, Fig. 82, Pls. XLIV., XLVII. 

3Preliminary Report of the State Earthquake Investigation Commission, 
California, 1906, p. II. 
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of a mountain block. With a deep rotation axis S. W.-N. E., at 
right angles to the long rift, the movement over the axial line at 
the surface would be essentially horizontal, while the vertical 
element would be more pronounced on receding from the epi- 
axial point. Moreover it would be in opposite directions N. W. 
and S. E. of that point." It is obvious that a truly pivotal mo- 
tion on a fault plane would produce concentric striation. The 
curvature of striz at the point of observation is a direct measure 
of the radial distance to the pivotal axis. In those cases where 
that axis is at the base of the earth-block which has moved, a 
computation of the length of the radius will give the vertical 
dimension of the block. Slickensides are ordinarily seen on 
such a small scale that curvature is not suspected. 

“Normal” or downslip faults may be very common in a re- 
gion of compression and thrust, and vice versa. But the two 
kinds will not be of the same order of magnitude. The one may 
be a secondary effect of the other and on a smaller scale. Ina 
region of downsinking of large crustal blocks by normal faulting 
or pivotal adjustment, synclinoria may form in single blocks 
which will compress formations contained in the axial region and 
so generate thrusts. On the other hand, the axial region of every 
anticline of compression tends to split open, in other words ex- 
hibits tension, and formations within the larger anticlinal move- 
ment may slip “ normally ”’ where this tension is exerted. Hence 
it is always essential to an understanding of faults that the mag- 
nitude of the rock unit involved be taken into account. Faults 
like the San Andreas rift 300 miles long are not in the same class 
with slickensided surfaces in a given quartzite or diorite in a 
mine. The one involves an arc of the earth’s shell, the other a 
wrinkle in a mountain range. 

The questions in the last paragraph of Ransome’s paper would 
seem best answered by agreeing to restrict the terms “ normal ” 
and “ reversed” to a purely geometrical result of faulting, irre- 

‘Illustrated by placing a pencil at right angles to the wall, against the 
wall, on a table, and then supporting a thick book on end on the pencil and 
with its cover against the wall. Tilt the book on the pencil as an axis, and 


observe the upper edge of the book. The contact surface of book and wall 
represents the fault plane. 
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spective of genesis. The determination of genesis may be a 
matter of opinion. The facts of occurrence are facts, and terms 
must be preserved whereby to describe them. Movements on the 
fault plane may have changed direction from time to time, so 
that, as Ransome points out, the slickensides preserve the record 
of only the latest movement. In such case the path of an earth 
particle during faulting may have been devious. The result 
discovered in mine or ledge or quarry still requires description, 
and the measured throw and heave are, with reference to the 
normal or reversed position of the beds, the essential features of 


fault diagnosis. 
T. A. Jaccar, Jr. 


DO THE GEOLOGICAL RELATIONS OF ORE DE- 
POSITS JUSTIFY THE RETENTION OF THE 
LAW OF THE APEX? 


Sir:—The subject of the extralateral feature of the United 
States mining law is one of perennial interest and the recent 
discussion thereon in Economic GEoLoey is valuable; for it is 
always in order to examine whether legal principles are in har- 
mony with existing industrial or other conditions to which they 
apply. If they are found not to be so, either from original im- 
perfection or change of the conditions, they should be altered 
to conform to the best interests of the political entity, by and 
for which they are enacted and enforced, or such part thereof 
as may be directly affected. 

In the present instance, however, if we wish the discussion 
to be of practical benefit and have influence with our law- 
making power (by which alone the law can be altered or re- 
pealed), we must not leave out of consideration the fact that, at 
the present time the real question for discussion is, whether a 
change is now advisable, taking into account the facts that the 
law of extralateral right, has been in force as a United States 
statute over forty years and for many years previous as a part 
of the miners rules and customs; that all metal mining (except 
iron) in the western states is carried on thereunder and that no 
extralateral right acquired during that period could be abro- 
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gated by any change but must continue to exist according to 
the law at the time of the initiation thereof. 

The question as to whether, if a mining law were now pro- 
posed which was to go into effect in an early stage of mining 
development, the extralateral feature would be advisable, in the 
light of our present state of knowledge of ore deposits; or the 
exact question under discussion in Economic GEoLocy,—“‘ Do 
the geological relations of ore deposits justify the retention of 
the law of the apex?”’, are of theoretical and academic rather 
than practical interest; for such conditions have forever passed, 
and can never again occur in the United States. The law-mak- 
ing power can only consider existing conditions and the effect 
thereon of proposed alterations of the law; for neither Con- 
gress nor any power in the universe can reverse the succession of 
events and cause to exist again past conditions and circumstances. 

Let us, however, consider first the historic and the geologic 
or scientific phases of the question. It is well known that 
previous to 1866 the greater part of the metal mining of the 
world, aside from placer and iron deposits, had been upon typical 
veins. This was especially true of the mining regions around 
Freiberg, in Germany and of Cornwall, in England, which had 
been the training schools of the majority of the practical mine 
managers of the world previous to that time. The same was 
largely true of the silver deposits of Mexico and Peru which 
were about all of the subterranean metallic deposits, extensively 
worked in America prior to the California discoveries. The 
experience of the quartz miners in California and Nevada had 
been the same. It was the gold or silver bearing vein, lode, 
lead or ledge they sought and followed downward on its course 
whether this was inclined or vertical. It is worthy of especial 
notice that in Germany, England, Mexico and California, the 
result on the customs and laws of the miners was the same. 
In one way or another, as I have shown,’ these gave the right 
to follow the vein on the dip, without reference to surface bound- 
aries. There was perhaps no time or place in the world’s his- 
tory when abstract considerations or unmeaning custom had 


*Shamel, Mining, Mineral and Geological Law, Ch. 6. 
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less influence on men than in the days of the California gold 
fever. It was a “ fierce democracy ” guided solely by what was 
considered right and just under the circumstances and conditions 
as they knew them. The rules and regulations of these mining 
districts, as the very complete collection by Clarence King for 
the tenth census shows, in all those districts concerned with sub- 
terranean or quartz mining always gave the right to follow the 
vein on the dip.’ 

It is inconceivable that in all these different countries the rule 
of allowing the vein to be followed on the dip without reference 
to surface boundaries should have been developed and exercised 
if it was unjust or not the best possible rule for existing condi- 
tions. In the case of California, the re-enactment of the same 
rules in hundreds of independent mining camps by men abso- 
lutely untrammeled by any law or custom except their innate 
sense of justice and fair play, proves that it is simply impossible 
that it should have been otherwise. Consequently at the time 
the mining law of 1866 and the revision of 1872 were enacted, 
it was as perfectly adapted to the geological conditions, as then 
understood to exist, as any human law could be; for the con- 
gressional law was simply a re-enactment of the general features 
of the rules and customs of the mining districts and was desired 
by and had the approval of the miners themselves. Senator 
Stewart of Nevada, who was their spokesman, in his speech on 
the law of 1866’ says: “To extend the pre-emption system 
applicable to agricultural lands to mines is absolutely absurd and 
impossible. Nature does not deposit the precious metals in 
rectangular form descending between vertical lines into the 
earth, but in veins or lodes varying from one foot to 300 feet 
in width, dipping from a perpendicular, from one to eighty de- 
grees and coursing through mountains and ravines at nearly 
every point of the compass. . . . With such a division of a 
mine, one owning it at the surface and another at a greater depth, 
neither would be justified in expending money in cost of ma- 


‘Report Tenth Census, Vol. 14, 1880; Mining Law, Hon. Clarence King, 


special agent. 
2 Cong. Globe, First Session Thirty-ninth Congress, p. 3225. 
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chinery, deep shafts, and long tunnels for working of the 
same.’ Hence the sneer of the writer, whose articles will be 
subsequently noticed, is far Irom justified when he says :—“ Such 
a piece of erroneous legislation . . . could have originated 
only in the brain of an individual of limited mental capacity, 
how such a man could obtain a hearing in a council of law- 
framers is difficult to imagine. . . . The law of the Apex 

begotten in bland self-complacent ignorance by a group 
of opulent mechanics.”' All Senator Stewart’s contemporaries 
testify that he, the chief advocate of the bill and probably the 
proposer of the extralateral feature, was by no means an indi- 
vidual of “limited mental capacity,’ nor were his miner con- 


stituents “ self-complacent ’’ ignoramuses. And yet these were 
not the only men in favor of the extralateral feature of the 
mining law. In his report as Commissioner of Mining Sta- 
tistics for 1869,” Rossiter W. Raymond, Ph.D., an experienced 
geologist and engineer who has been for many years Secretary 
of the American Institute of Mining Engineers, after speaking 
of similar rules in other,countries says: “ Whatever be the case 
in Mexico in this respect, it is, I think, quite necessary at present, 
in our comparatively unexplored mining region to give the miner 
what in early days the German law gave him, the right to fol- 
low the vein.” 

With practical miners and scientific experts holding the same 
views it is not strange that the extralateral feature was incor- 
porated into the first U. S. Mining law. It would have been 
strange if it had been otherwise. The fact that Dr. Raymond 
afterward altered his views, as to the desirability of this feature 
only emphasizes more strongly the fact that in the then existing 
state of geological and mining knowledge the extralateral fea- 
ture was in complete accordance with the best interests of min- 
ing in the light of then known conditions and features of the 
geology of ore deposits. It appeared to be but the dictates of 
plain justice, that the miner who had by his labor or the expendi- 
ture of his money, followed down a vein and developed a paying 


*C. W. Purington, Economic Grotocy, Vol. I., No. 6, p. 580. 
* Page 1098, Fortieth Congress, Third Session, House of Representatives, 
Ex. Doc., No. 54. 
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mine, should be allowed to continue on his vein as far as it was 
profitable to work it, and not be obliged to cease operations at a 
boundary line and allow some one else to enjoy the fruits of his 


‘ 


discovery and enterprise “ without money and without price.” 

This being true in 1866 the next question is, have conditions 
changed since, so that what was once desirable in mining law is 
no longer so? Of course geological conditions have not changed. 
They are the same now as in 1866 and for ages before. All 
that has changed is our knowledge of such things. lorty years 
of mining and scientific investigation have brought to light 
forms of ore deposits formerly unknown, so that the simple 
classification that answered in 1866 no longer adequately repre- 
sents the present state of our knowledge. It must be admitted 
that some of these are widely different from the conception of 
a typical vein or lobe. 

As to a typical vein it is admitted that the extralateral law is 
the most equitable that could be devised, but it is urged that 
when applied to the more complicated forms of ore bodies that 
it is the cause of unnecessary litigation. 

It may be noted in the first place, that according to the latest 
views and classification, all these more complicated and legally 
troublesome forms of ore bodies have a common origin with 
typical fissure veins. ‘They are all subterranean deposits from 
aqueous solution of the metals except those arising directly by 
crystallization and segregation from fusion, a group which is 
very rare, so that the law has given the same rights on deposits 
which are genetically related and in this at least, is in harmony 
with the latest conclusions of economic geology. 

The following gives the views of a mining engineer of experi- 
ence of the effect of the extralateral law of mining: “ Personal 
experience in my practice which covers a period of over 30 
years during which time I have been in close touch with some 
of the heaviest operations in the state [Montana] with hundreds 


of smaller concerns and with thousands of individual miners, 
has convinced me that the extralateral privilege is a powerful 
incentive to the development of our mineral resources. . . 

Personally I do not know, but if I have read aright, the pros- 
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pector and small operator, as we know him, is almost unknown 
in regions where extralateral rights are denied; and I believe 
that capital in contemplating development work, unconsciously 
pays tribute for the extralateral privileges carried by our mining 
laws.” 

This quite moderate statement of benefits aroused, however, 
the righteous indignation of another prominent mining engineer 
who proceeds to argue the question as follows :* 

“With some apologies to geometry, however, and granting 
that the learning of the gentlemen from Montana is as ponderous 
as Mr. Harper has proclaimed, it becomes apparent that here 
a stupendous intelligence is revealed. The men of Butte, stand- 
ing on the heights, look to the north, to the west, ‘beyond the 
utmost bounds of human thought’ and, lo! the secrets of the 
earth are uncovered! Ledge follows ledge in bewildering suc- 
cession, each coursing laterally and dipping gracefully upon its 
fairly uniform angle, until even the seer of Butte, with his trusty 
stope sheet in his hand, falls back appalled at the immensity of 
the spectacle. A race of giants is among us, a sapient host, 
whose contribution to human knowledge it is perhaps not too 
late to recognize. He is to enlarge the Hall of Fame, and 
multiply the pedestals to receive the graven forms of the deep 
browed sages of Silver Bow, in order that future generations 
may pace the stately corridors and contemplate the monuments 
erected by a grateful people to the ledge finders of old. 
What ineffable wisdom is displayed by a government which 
permits the perpetuation upon its statute books of a law resulting 
from the nebulous perplexities of a council of day-laborers and 


village chiefs regarding the occurrence of ore deposits. : 
Are we in America--I ask it in all seriousness—to forever re- 
main the victims of the deification of the peasant and mechanic, 
the hewer of wood and the drawer of water? Are we to con- 
tinue to accept as truth and rules of conduct the ephemeral rav- 
ings of an enriched, illiterate proletariat? What is the law of 
extralateral rights but the misbegotten conception of untutored 


*E. and M. Jour., Vol. 29, p. 463, Joseph W. Harper. 
* Chester W. Purington, E. and M. Journal, Vol. 29, 622. 
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laborers, assisted by provencial pettifoggers, who set at defiance 
and banish from consideration alike, physical and chemical prin- 
ciples controlling the deposition of ores and the precedent of 
centuries of the world’s previous mining experiences? ” 

In another article’ Mr. Purington, takes up the subject, 
and after relieving his feeling by the language we have quoted, 
on page 60 about the mental capacity of the authors of the law, 
gets down to specific instances of alleged injustice in the operation 
of the extralateral law, his first example being as follows: 


Surface 





Fic. 7. (After Purington.) 


(a) In Fig. 7 (here reproduced) is illustrated a case where 
one set of veins has been formed earlier in the geological history 
of the country than another set. Mr. A has commenced mining 
on his vein which is of the earlier origin and which dips north. 
Mr. B has located and commenced operations on his vein, a 
later vein, which dips south. A has stoped his ore down to the 
point f where he finds that it is apparently cut off and unites 
with the larger south-dipping vein. He knows that B’s location 
is prior to his own, litigation ensues with the final result that 
A sinks on the foot wall of B’s vein and mistaking the small 
stringer for the continuation of his vein is beaten, although 
later when B has passed this point in working his prior vein, the 


1 Economic Geroxocy, Vol. 1, 572. 


ro 








re, 
or 


no 
ag’ 
col 
in 

ing 
if | 
the 
fou 


ext 


take: 
upw 
the 
boun 
it cr 
vant 
the | 
of e: 
nativ 
Fo 
extra 
folloy 





lance 
prin- 
at of 


bject, 
1oted, 
» law, 
ration 


- where 
history 
mining 
; north. 
vein, a 
n to the 
1 unites 
location 
sult that 
ne small 
ilthough 
vein, the 


gr 


ee 











DISCUSSION 69 


real condition is revealed and A can proceed on the vein, but 
Mr. Purington fears that by this time he is “ dead and buried 
or too poor.” 

Poor A’s misfortune arose, not from the law, which could 
not point out the distance he would have to sink before he could 
again find his vein, but from the fact that he did not employ a 
competent geologist, who, if the conditions were as represented 
in the figure, ought to have recognized the stringer and identify- 
ing it with its surface outcrop, would have promptly told A that 
if he would sink the same distance (with a proper allowance for 
the angle of the fault) below the faulted stringer he would have 
found his faulted vein. 

What would have been the result if there had been no law of 
extralateral rights? A, when he reached B’s vein would have 


. —_—> 
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Fic. 8. (After Purington.) 


taken it downward, until it reached A’s farther boundary, and 
upward until he reached the boundary between A and B; also 
the further continuation of A’s vein until it reached the same 
boundary. All that would remain to B, would be A’s vein after 
it crossed into B’s territory. This would be for A most ad- 
vantageous but B would be much worse off than A was under 
the law of extralateral rights; so that in this instance, the law 
of extralateral rights causes less injustice than its only alter- 
native. 

For his next example of supposed detrimental operation of the 
extralateral law he leaves its jurisdiction and goes to Africa as 
follows : 
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“Fig. 8 illustrates a section on the South African Rand where 
all claims are bounded by vertical lines. The main reef leader isa 
vein representing filled interstitial space in a bed of conglomerate, 
interbedded with other sedimentaries, more or less auriferous. 
The line aa represents the boundary between the property of an 
Outcrop Company and that of a “ Deep Level Company.” The 
Outcrop Company may follow the ore down until the reef inter 
sects this imaginary line and no farther. The Deep Level Com- 
pany may extract ore from this same reef southward from this 
line to its south side line and no farther. A further set of com- 
panies called the ‘“‘ Deep Deep” Companies or second set of deeps 
has been formed to exploit the main and other conformable reefs 
still to the south of the Deep Level Companies’ ground. Mr. 
Hennen’ Jennings stated in 1903 that some fifty-three [deep] 
level companies had been formed, fourteen of which had reached 
the producing stage. In the case of all of them, it was necessary 
to sink shafts from one thousand to twothousand feet in depth in 
order to reach the veins, and eighty-one shafts with an aggregate 
depth of 88,405 feet of depth had been sunk for this purpose; of 
these fifty had intersected the reef. Besides the enormous ex- 
penditure which these shafts represented before a pound of ore 
could be extracted the various financial houses estimated a further 
expenditure of $252,000,000 in connection with the deep levels 
and other projected improvements. 

What would have been the case of the law if the apex had 
existed in South Africa? Not one company of the first or second 
deeps would have been formed, and not one dollar would have 
been expended for the legitimate exploitation of the ore in depth 
excepting by the companies owning the outcrop of the veins or 
reefs as they are called. 

Numerous dikes of greenstone cut and fault the reefs, for the 
most part dipping much more steeply than do the reefs them- 
selves. Some of these dikes are accompanied by auriferous 
veins, not payable. Under the conditions of the apex law, some 
energetic individual with more astuteness than integrity would 
have inevitably sunk on one of these veins claiming this or that 
as pay ore until he intersected a bona fide payable reef, which he 
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would endeavor to lay claim to as the continuation of his vein 
downward, while his own ‘ apex’ might lie hundred of feet to 
the south of the actual outcrop of the reef. Lawsuits would be 
common. Serious capital would be shy of investment under 
such conditions.” 

It seems that in this example that even “an individual of 
limited mental capacity” ought to see that the operation of 
the extralateral law would have been better for all concerned. 
Even if some one with “more astuteness that integrity ” 
had, as he supposes, sunk on an auriferous vein accompany- 
ing the greenstone dike and had attempted to claim the conglome- 
rate reef, a lawsuit at the expense of a few thousand dollars 
would have finally disposed of such attempts, and the expenditure 
of $252,000,000 in addition to the enormous cost of eighty-one, 
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(After Purington.) 


probably mostly unnecessary, shafts would have largely been saved 
for, under the extralateral law the ore could all have been re- 
moved through the outcrop shafts. Of course it might have been 
more economical to have removed some of the ore by shafts 
farther back than the outcrop shafts but no such number would 
have been constructed as under the vertical boundary rule that 
controls on the Rand. 

But it is doubtful if even one lawsuit would have been neces- 
sary, because if the extralateral law was in force on the Rand, the 
outcrops of the reefs being located first and hence prior would 
have taken the whole vein beyond the place of union, so that such 
@ suit would never get past a demurrer. 
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His other examples are shown in figures g and 10. In Fig. 9 
a “great spheroidal body of coper ore” 
located by different men. The situation in Fig. 9, might present 
some difficulty, but would doubtless be solved with entire justice 
to all concerned by the courts. Such shaped deposits are infre- 
quent and the condition shown in the figure of two veins, rising 
from such a deposit and these reaching the surface at such dis- 
tances apart that they would be liable to outcrop in different 
mining locations is immensely more rare. ‘They do not occur 
in sufficient numbers to form a reasonable “exception”’ to the 


has two outcrops 


general rule. 

Statutes and ordinary rules of law can only be constructed to 
meet conditions that occur in a reasonably general and frequent 
manner. . Infrequent and exceptional occurrences must be left 
to be dealt with by the courts when they arise and, to their credit, 
they are usually equal to the emergency and decide them justly. 
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Fic. 10. (After Purington.) 


In Fig. 10 a silver impregnated limestone bed outcrops twice 
and locations are made on both outcrops. A quite diligent read- 
ing of practically all the mining decisions in the United States has 
not disclosed any such situations in any litigation that has reached 
the higher courts. Mr. Purington states that the figures repre- 
sent actual ore deposits, but as he does not state otherwise, 
we must presume that the statements as to discovery marking and 
litigation are hypothetical. As to the situation disclosed by Fig. 
10, an inspection shows, that under the rule of only mining to 
the vertical planes through the boundaries, neither A nor B would 
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get as much as Mr. Purington allows them in his figure under 
the extralateral law, and so would be worse off than under it. 
But it is to be noted further that under the definition of apex, as 
stated by the courts with reference to mining law, it is highly 
improbable that A would be regarded as having a legal apex 
necessary to extralateral rights on the vein or deposit although 
he was located on an outcrop. As in the celebrated case of 
Duggan vs. Davy’ it would, in all probability, be decided that the 
exposure was one on the dip of the vein which gives no extra- 
lateral rights.” 

Consequently A would be incapable of depriving B of the 
“hardly won” fruits of his labor as feared by Mr. Purington. 

These are the worst instances that the “ fiercest ” critic of the 
extralateral feature of the mining law is able to cite, and, when 
analyzed; it turns out that even in these the preponderance is 
strongly in favor of the extralateral law doing justice rather 
than its only alternative, 





the so-called common law rule of sub- 
surface rights limited by vertical planes through the surface 
boundaries. Therefore, considering the law, with reference 
only, to geological conditions in the light of the latest knowledge 
concerning the same, it appears that the extralateral law accom- 
plishes the “ greatest good for the greatest number ” which is 
all that any law can do. It, therefore, ought not to be repealed 
on account of geological considerations. 

In Mr. DeKalb’s contribution to the discussion he seems to 
think that if definite walls are lacking then “ the law fails pre- 
cisely where protection to the most extensive interests are at 
stake, because in form and character, and from the absence of 
clearly bounding walls, our greatest veins do not in a large ma- 
jority of cases conform to the geological prescription of the law- 
makers.” In this, however, he is mistaken for the statute says 
nothing about walls and the decisions of the courts say explicitly 
that definite walls are not necessary for a vein in order that it 
may carry extralateral rights. Thus in one case the court says: 

74 Dak. 110, 26 N. W., 887. 


* Iron, Silver, ete., Co. vs. Elgin, 118 U. S. 196; Eiler vs. Boatman, 3 Utah, 
150; Lindley on Mines, sec. 807; Snyder on Mines, Secs. 796-797. 
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“ Nor on the contrary is it required that well defined walls shall 
be developed.” 

The United States Supreme Court in a leading case? on this 
subject says: “It is enough to say that a lode or vein is a body 
of mineral or mineral bearing rock within defined boundaries 
in the general mass of the mountain.” 

In this definition the elements are the body of mineral or 
mineral bearing rock and the boundaries; with either of these 
things well established, very slight evidence may be accepted 
as to the existence of the other. A body of mineral or mineral 
bearing rock in the general mass of the mountain, so far as it 
may continue unbroken and without interruption, may be re- 
garded as a lode, whatever the boundaries may be. In the 
existence of such a body and to the extent of it boundaries are 
implied.”’ In still another case* the court says: “It is true a 
lode must have boundaries but there seems to be no reason for 
saying they must be such as can be seen. There may be other 
means of determining their existence and continuance as by 
assay and analyses.” Consequently this objection of Mr. De- 
Kalb is unfounded. 

Another geological objection made by Mr. DeKalb is the 
difficulty of determining the rights of “masses” with “no 
single top or apex, and no ascertainable dip.” Such bodies, if 
unconnected with any vein, would come within the common law 
presumption that all beneath the surface belongs to the surface 
proprietor for this presumption controls except where the statute 
expressly provides otherwise. It is expressly decided in a case 
the reference to which I do not now have at hand, that detached 

ore masses belong to the owner of the surface beneath which 


‘ 


they are found. 

In the leading case of Doe vs. Waterloo‘ the court says: “ It 
is entirely true that whoever takes a grant of a lode claim, takes 
it subject to the provision of the statute reserving to locators of 

* Burke vs. McDonald, 2 Idaho, 679. 

2Tron Silver M. Co. vs. Cheeman, 116 U. S. 529. 

*Hyam vs. Wheeler, 29 Fed. 347. 

454 Fed. 935. 
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other mining claims the right to follow under its surface, for 
the purpose of extracting the ore therefrom, of any vein, lode 
or ledge, the top or apex of which lies within the surface lines 
of such other location. But until some one comes clothed with 
that reserved right, the holder of a government patent or certifi- 
cate has, I think, the just and legal right to say ‘ Hands off of 
any and every thing within my surface lines extended vertically 
downward.’ ” Except as modified by statute, no reason 
is perceived why one who acquires ownership or possession of 
such lands should not hold them with and subject to the incidents 
of ownership and possession at common law.” 

Consequently the case of a deposit in the form of a mass with- 
out any apex would not present any serious difficulties. Not 
being within the extralateral statute, its ownership would be 
decided according to common law rules. It is no reason that 
the extralateral law should be repealed that this particular form 
of deposit does not come under its control. 

The above discussion takes into account only geological con- 
siderations and conditions but, as heretofore mentioned, there 
is another very weighty reason against substituting another rule 
for that of extralateral rights, in the fact that the latter has been 
the law for over 40 years during which time thousands and 
thousands of locations have been made and many of these 
developed into properties of enormous value. Existing extra- 
lateral rights could not be abrogated by the enactment of a new 
system, but must continue to exist according to the law, at the 
date of making the location. Locations made after the passage 
of such a law would be subject to the extralateral rights of 
claims previously located, while the owner thereof would have 
no compensatory right of pursuing his vein or deposit beyond 
vertical planes through his boundaries. 

The result would be the introduction of ten fold worse con- 
fusion than the severest critic of the extralateral law can conjure 
up in his imagination when under the sway of his darkest appre- 
hensions. This fact, and the inherent justice of the principle far 
outweigh any possibilities of future litigation that may possibly 
be involved in the continuance of the extralateral law, even when 
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7° DISCUSSION 


applied to the later discoveries of anomalous forms of ore de- 
posits. 

It is unquestionably true that precious metal and copper mining 
have been attended with a great deal of litigation, in the United 
States and that in a considerable part of such litigation the extra- 
lateral law has been involved, but it is not responsible for nearly 
all of the litigation that has afflicted mining. The truth is, that 
from the very nature of the industry of mining for the precious 
metals, involving more than most others the elements of chance; 
awarding to some rich prizes and to others only blasted hopes and 
bitter disappointments, it is peculiarly subject to bitterly fought 
litigation. This has been so in all countries and times. It 
long ago attracted the attention of the King of Spain, who in 
1785, in promulgating new mining ordinances for Peru says: 
“The King, convinced of the deteriorated condition in which the 
important branch of mining of that kingdom has fallen, from a 
want of method in government the Reales of mines, and also on 
account of the frequent and troublesome litigations in which the 
individuals of this useful profession are involved, causing them 
enormous expenses and distraction from their business by re- 
quiring them to reside in the capital and in other places where 
they go in the prosecution of their lawsuit;”* . . . , ete. 

A large part of the litigation that afflicts mining in the United 
States arises from questions connected with the making and 
marking of a location, etc., into which the extralateral law, does 
not enter while another large part is about the corporate organ- 
ization and management. I know of an Arizona mine, which 
held a good position on the dividend paying list, but litigation 
broke out within the corporation between the three main stock- 
holders, and has been in the courts 13 years in one form or 
another and is still unsettled although the mine has filled with 
water and is idle. There is nothing in the annals of extralateral 
litigation that equals the long drawn out contests about the New 
Jersey zinc deposits, near Franklin Furnace which in different 
forms was before the courts for nearly fifty years but which arose 
under common law principles. 

A writer familiar with mining litigation in Colorado says in 

* Halleck on Mines, p. 589. 
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the course of a discussion in the Engineering and Mining Journal 
on the extralateral law: “Also I must believe that the Doctor dic- 


tated hastily in stating that the ‘ extralateral’ underlies 99.9 per 


cent. of our mining litigation. I know to a certainty that no 


such statement is true of the San Juan in Colorado, at least so 
far as the number of cases is concerned; in fact I would be in- 
clined to almost reverse the figures. My observation is that the 
overwhelming number of cases are ‘ adverse’ suits to say noth- 
ing of many suits over grubstakes, d 


ivisions of interests, trustee- 
ships, etc.’”! 


The application of the common law principle of subterranean 
rights bounded by vertical planes through the surface boundaries 
would be easier and perhaps more satisfactory in relation to some 
anomalous forms of ore deposits, but these are a small minority 
in comparison with the total number of workable deposits. The 
expense of settling disputes by law, about the comparatively small 
number of doubtful deposits, is a very much smaller detriment to 
the precious metal mining industry than the useless expense, 
losses, injustice and discouragement from development of pros- 
pects, that would result from the application of the unyielding 
common law principle of the surface proprietor owning every- 
thing beneath to the center of the earth. 

My belief is that, on the whole, it is not advisable to repeal the 
extralateral features of the United States Mining law. 


Cuartes H. SHAMEL. 
CotumsBiA Univ., NEw York Cry. 


*E,. and M. Jour., 77-1036, W. F. Mathes. 
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Report of the Commission appointed to investigate the zinc resources of 
British Columbia and the conditions affecting their exploitation. By 
W. R. INGAtts, PuHittip ARGALL, A. C. GARDE, AND OTHERS. 
Mines Branch, Department of the Interior, Ottawa, 1906 
Pp. 400, with numerous illustrations, including maps and 
colored sections. 

In many particulars this report is a notable contribution to our 
knowledge of the zinc industry. It is also notable as an example 
of what may be accomplished by prompt action. The letter of 
instructions authorizing the work was issued to Mr. Ingalls by 
Dr. Eugene Haanel, Superintendent of Mines, under date of 
August 14, 1905. Mr. Argall, to whom charge of the field work 
was intrusted, left Denver for British Columbia on September 1. 
The samples taken for metallurgical investigation reached the 
laboratory by the end of the year; the report was submitted 
September 27, 1906, and the whole volume of 400 pages, with 
numerous illustrations, including maps and colored sections, was 
being distributed in November. This promptness stands not 
only in refreshing contrast with past experiences in Canada, but 
also with present conditions surrounding the printing of similar 
reports at Washington and in the various states. The simplicity 
of administrative machinery which permits such promptness is 
wholly admirable. 

The investigation covered the following points : 

1. Examination of the present development of the mines to 
determine approximately the tonnage of zinc ore immediately 
available, its occurrence and character and the future prospects, 
together with the cost of mining. 

2. Examination of the present methods of milling. 

3. Investigation of the adaptability of the ores to the new 


methods of concentration (magnetic, electrostatic, etc. ). 
78 
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4. Study of the conditions affecting marketing of the concen- 
trates, including the question of smelting in the Province or else- 
where in Canada. 


5. Investigation of the possibility of special utilization of the 
zinc ore of high silver content. 

The field examination, made by Mr. Argall and Mr. Gardé, 
was confined to mines which had shipped zinc ore or were known 
to contain zinc reserves. In each case notes on location, develop- 
ment, milling facilities and shipments were collected. Where 
possible, estimates of ore reserves were made. Mr. Argall’s 
conclusions on the latter point are summarized below. 


ORE RESERVES. 


Coming now to the ore reserves and output of zinc ore from the 
Slocan, the largest amount, partially blocked out, “being developed,” 
in any one mine is 60,000 tons of zinc blende, concentrating ore, prob- 
ably equivalent to 25,000 tons of shipping ore of 48 to 50 per cent. in 
zinc. Owing to the lack of development in the majority of the mines 
examined, any general estimate of “ore developed” or “ore being de- 
veloped” would be very misleading, while the “ore expectant” under 
these conditions it is impossible even to guess at. 

In the mines I examined, a careful comparison shows that the zinc 
blende will average two and one half times the weight of the galena 
present in the veins; figuring on the higher saving of galena in the con- 
centrating mills, one might reasonably expect, when arrangements are 
completed to save the zinc blende in all the ores milled, that the output 
of the zinc blende will be double that of the galena; this I believe will 
be a safe figure, and as the mills are improved and better saving effected, 
the zinc blende output should approach two and one-quarter times that of 
the silver-lead in any given year. 

The lead output depends on several matters: The permanency of the 
veins; whether the mines are worked throughout the year or only in the 
summer months; or if the present half-hearted mining methods are to 
give way to a vigorous leasing system. 

As regards the veins, we have seen that they carry pay ore to great 
depths and have been but partially worked, for silver-lead ore only; that 
with lead and zinc as profitable minerals, the value of the veins is 
greatly enhanced. 

Lastly, in such a densely wooded country it is very doubtful if one- 
half of the pay veins have yet been discovered; consequently, it is not 
too much to expect that the Slocan veins can be worked at a profit 
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for at least twenty years to come, more especially if cheaper methods 
of mining are adopted and mills erected that will effect a better saving 
of values. 

The second reason I have given for the present mining torpidity in 
the Slocan, lack of proper facilities for making a close saving of values, 
I shall enlarge upon in the following chapter on milling. 


Mr. Ingalls’ field work consisted mainly of an examination of 
the metallurgical establishments of the Province, but he has also 
summarized and digested the entire report and made large addi- 
tions from his store of general knowledge. Indeed it is not too 
much to say that his personal contribution, forming the first 143 
pages of the report, is the best general statement now available 
regarding the production and demand for zinc ores in America, 
and the methods of milling and smelting them. While necessar- 
ily less detailed than his well-known books on these subjects, the 
matter is stated less technically and is now more up to date. 
These are important advantages to geologists, investors, and 
general readers, who want principles rather than details of prac- 
tice. For readers in the United States supplementary matter 
regarding mill practice at Joplin and in Wisconsin is desirable, 
and more data regarding the work of the Blake and other elec- 
trostatic machines. It is a disappointment that the Blake machine 
was not more used in making the elaborate tests which were car- 
ried on in the well-known laboratory of Mr. Henry Woods at 
Denver. As it was only tried in cases where the magnetic 
machines failed, little was added to present knowledge regarding 
its work. The new data regarding the work of the Dings and 
International machines is welcome. 

Apparently Mr. Ingalls sees a good future for the zinc mines 
of British Columbia, particularly if the ores can be admitted to 
the United States free of duty. Failing this, shipments to Eu- 
rope seem on the whole more likely to be permanently profitable 
than local smelting. The present need is a few well equipped 
and well run custom retreatment mills, such as are growing up in 
our own western states. An interesting feature of the investi- 
gation was a short series of tests on the application to the British 
Columbia ores of the flotation processes developed in Australia. 
Encouraging results were obtained. 
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The most disappointing feature of the investigation is the 
small amount of attention devoted to geology. Indeed it is not 
too much to say that there seems to have been a complete lack of 
appreciation of the opportunities along geological lines afforded 
by the work. It was only as an afterthought that Dr. A. E. Bar- 
low was employed to examine the undeveloped zinc prospects of 
the region, and he went to the field so late, October 7, that it was 
impossible to visit many of them. His report, accordingly, con- 
sists mainly of notes on localities supplemented by a review of 
literature. To this report is added certain data collected by cor- 
respondence with the various gold commissioners. 

The actual mine descriptions by Messrs. Argall and Gardé are 
fairly tantalizing in their incompleteness in regard to geology, but 
at the same time afford alluring glimpses of excellent data evi- 
dently available. It would seem that any proper estimate of the 
extent and importance of the zinc resources of the Province, par- 
ticularly in view of the admittedly small ore reserves developed, 
should first of all be based upon definite notions as to the origin 
and nature of the ore bodies. Whether the ores are primary or 
whether they represent secondary concentrations is certainly of 
large importance. The bottoms of particular zinc ore shoots 
have been found (p. 177), but there is no suggestion as to 
whether this is because the bottom of secondary enrichment was 
reached or whether the bottom of a primary ore lense had been 
struck. If, as some of the descriptions suggest (pp. 168, 206), 
secondary enrichment has occurred, a careful study of the rela- 
tions to structure and topography ought to not only permit a 
rational guess as to permanence of ore bodies to be made but 
should also afford valuable hints for their development. So far 
as the reviewer has been able to discover the possibilities of such 
a line of investigation were not at all appreciated, and in fact 
“secondary enrichment” is nowhere discussed. This is the 
more surprising in view of the importance which has attached to 
the subject in recent years, and the delicate index to this process 
afforded by the relations of lead, zinc and iron sulphides. 

In a few instances Mr. Argall ventures predictions as to ex- 
tensions of ore bodies in depth (pp. 159, 182), but the reasons 
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for this belief are not stated. In the description of the Lucky 
Jim Mine, a “ segregation of limestone ” is referred to (p. 205) 
though it is not entirely clear why anything other than an ordi- 
nary bed of limestone interbanded with the slates need be sup- 
posed to have been present. 

These criticisms of course apply to the scope of the investiga- 
tion, and do not necessarily fall on the men employed in it. In- 
deed so much that is good has been given that much more might 
have been forgiven if necessary. 

Incidentally some excellent work on the minerals was done by 
Mr. W. George Waring. He determined that the siderite was 
practically barren, that the silver comes from freibergite, and that 
the latter is most intimately associated with the galena. Just 
such definite data on the association of the values and the indi- 
vidual minerals found in particular ores is highly desirable if 


progress is to be made in the study of ore deposits. 
H. Foster BAIN. 


The Petroleum Industry of Southeastern Illinois. By \V. S. BLatcu- 
LEY. Illinois State Geological Survey, Bull. No. 2, 1906, 
pp. 109. 

This, the second bulletin of the new Geological Survey of 
Illinois, has appeared with surprising promptness, consider- 
ing that the field work was done as recently as last spring. As 
stated in the letter of transmittal, Dr. Blatchley is especially 
well qualified to prepare the report, in view of his familiarity 
with the Indiana oil fields. 

The introduction opens with a brief discussion of the nature, 
distribution, and quality of Illinois petroleum. Then comes 
a brief history of the oil and gas development and an outline 
of the present condition of the industry in that State. Thus 
far the principal development has been in Clark, Cumberland, 
and Crawford counties, near the eastern border of the State, 
and the report is devoted mainly to a consideration of this terri- 
tory. Eleven pages near the end of the report, written by Dr. 
T. E. Savage, are, however, given to a detailed description of 
the gas field in Pike County, on Mississippi River. 
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After the general outline, the petroleum producing rocks of 


Illinois are briefly described. All the oil is found in the Mans-- 


field sandstone and ‘“‘ Lower” and ‘‘ Upper Coal Measures ” of 
the Carboniferous system, the base of which in Illinois rests 
on a great erosion unconformity. A very detailed section of 
the Carboniferous rocks is given, but its possible value to a 
person using the report is diminished somewhat by the omission 
of nearly all geologic names and correlations, only the numbers 
by which the coals are locally known being given. The total 
thicknesses in the section are also unfortunately omitted. Ow- 
ing to the newness of the Survey the geologic structure of 
Illinois has not been worked out in detail, but in general. dis- 
position the rocks are nearly flat, being only gently folded and 
sometimes faulted. Six “ lines of structural deformation ” have 
been recognized and are represented on a small map. The 
oil occurs in Carboniferous sandstones and limestones, lying 
300 to 1,100 feet below the surface. 

A review of the principal theories for the origin of petroleum 
and gas precedes the detailed discussion of the occurrence. In 
discussing the “ Conditions of Accumulation,’ Dr. Blatchley 
adheres closely to the rules that have been found applicable to 
the fields of Ohio and Indiana, without regard to what has been 
done in other fields. He enumerates four necessary conditions, 
as follows: (1) a porous stratum; (2) an impervious cover; 
(3) an anticlinal structure; and (4) pressure behind the oil to 
force it into the reservoir. The first two conditions are gen- 
erally accepted as applying to all oil fields in the Paleozoic rocks, 
but the second is decidedly questionable as a general condition, 
since many oil pools are known to exist on monoclinal dips, in 
flat rocks, and even in the bottoms of synclines. It is true that 
in the Illinois field the oil may occur only on the anticlines, but 
experience in other fields has shown that anticlines are not essen- 
tial to the accumulation of oil. 

Dr. Blatchley seems to have assumed that the oil-bearing 
rocks of the Illinois field are saturated with water, for only on 
that assumption and also that the water level is at a higher level 
than the accumulation of oil, can the anticlinal condition apply. 


i 








84 REVIEWS 


Such a condition of saturation may prevail, but no facts are 
given to support it, and in the published records of the wells 
almost no mention is made of water. If the oil-bearing rocks 
are saturated, then the oil has been forced up the slope of the 
rocks to the surface of the water, or until further progress was 
blocked by anticlinai structure or by an impervious condition 
of the sand. If the rocks are dry, the oil presumably is moving 
slowly down the dip under the influence of gravity, and conse- 
quently pools may occur at any point on the slopes, or in case 
the rock is uniformly porous the oil may accumulate in the 
bottom of the synclinal trough. Numerous examples of such 
accumulations in Pennsylvania and West Virginia could be 
cited in proof of the statement. 

In oil ‘investigations that have been carried on within the last 
10 or I5 years, very little attention has been given to the ques- 
tion of saturation by water, and only a little data are available 
on the subject. The experience of the reviewer in some of the 
Pennsylvania fields has led to the belief that the condition of the 
oil sands as regards water is a most important question and one 
that must be known before it is possible to determine where ac- 
cumulations may occur. Reliable data on this subject are some- 
times not easily obtainable; but if geologists and others inter- 
ested in the solution of the oii problem would secure all possible 
information on this question and present it fully in their reports, 
the data would go far towards a solution of these problems. 

The fourth condition of accumulation also may be seriously 
questioned as a general proposition. Dr. Blatchley states, “ It 
is now almost universally admitted that the rock pressure in 
most oil fields is nothing more or less than water pressure, as 
in artesian wells.’”” This theory was ably advocated by the late 
Dr. Edward Orton to account for the rock pressure in the Ohio 
field and in that case it seemed to apply, but, as stated before, in 
many fields the rocks are dry and hence hydrostatic pressure can 
have nothing to do with the case. Even where the rocks are 
dry, pressure in some places amounts to as much as 1,000 pounds 
to the square inch. On the above hypothesis we must attribute 
rock pressure to one thing where the rocks are saturated and to 
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an entirely different cause where they are dry. Since in the 
latter case the expansive force of the gas is the most plausible 
explanation, it seems probable that some of the rock pressures 
where rocks are saturated are due to the same cause. But 
whichever is correct, it is certain that the hydrostatic theory is 
not “almost universally admitted,’ and such a general state- 
ment is misleading. 

The greater part of the report, comprising about 55 pages, 
consists of a detailed discussion of the oil fields by counties and 
townships. In each one of the three principal counties a dis- 
cussion of the wells is preceded by a sketch of the geology, and 
a number of sections of the rocks are introduced. The indi- 
vidual wells are discussed in some detail, and numerous records 
are given. Like records reported by well drillers in most re- 
gions, they are extremely incomplete, only one or two good 
records being given. This constitutes another example, like 
those which are conspicuous in every report on oil and gas, 
showing the great need of educating well drillers up to the level 
where they will be capable of appreciating the value of complete 
and accurate records of the strata. 

An interesting feature of the report consists of several anal- 
yses of well drillings from the “ pay ” and associated beds. By 
means of these analyses the best or most porous portions of the 
oil-bearing limestones were found to be most dolomitic. 

Following the detailed discussion, ten pages are given to a 
brief consideration of the process of recovering petroleum from 
the earth in the Illinois field, describing the process of leasing 
and locating wells, the form of lease, cost and methods of 
drilling, shooting, operating, and other data valuable to a new 
operator and interesting to the general public. Good advice is 
given against burying money in fake oil companies, such as gen- 
erally spring up in every new field. A list of bench marks is 
appended for use in development of the field, and the report 
closes with a discussion of the quality of Illinois petroleum by 
Dr. F. F. Grout. 

Of course the value of all reports of this kind to parties already 
operating in a field is somewhat questionable, for the reason that 
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the detailed geologic structure and correlations of the various 
“sands,” which are what are most needed to assist future de- 
velopment, can not be determined without much geologic field 
work based on accurate topographic maps. As a whole, how- 
ever, this bulletin seems to be an excellent account of the condi- 
tion of the petroleum industry in Illinois in 1906, and it will be 
valuable to persons at a distance desiring information regarding 
the field. The material is presented from the practical stand- 
point, the few illustrations have been well selected, and the 
maps especially will be valuable to prospectors and other inter- 


ested parties. 
F. G. Crappr. 


Notes on the Foothill Copper Belt of the Sierra Nevada. By A, 
Knopr, University of California Bulletin, Department of 
Geology, Vol. 4, No. 17, pp. 411-423. August, 1906. 

The author describes briefly the copper deposits along the foot- 
hills of the Sierra Nevada, from the vicinity of Smartsville and 
Spenceville, Nevada County, through Placer County, with its 
at present most important mine, the Dairy Farm, down into Cala- 
veras County, from which the mines of Campo Seco, Copper- 
opolis, and Napoleon are described. The account makes no 
pretence of completeness, but brings out a number of interesting 
details in occurrence and mineral association. The deposits form 
in general replacements along shear zones in the greenstone belt 
of the foothills; the ore minerals are pyrite and chalcopyrite, 
sometimes with a little galena and zincblende, and are associated 
with quartz, calcite, chlorite, epidote, chalcedony, and sometimes 
zeolites. It is regretted that the author does not discuss ques- 
tions of genesis for this well-defined group of deposits. The 
most striking facts are the universal connection with the sheared 
greenstones and the mineral association which is so entirely dif- 
ferent from that of the gold-quartz veins. It seems to the re- 
viewer that the conditions shown to exist point very clearly to a 
derivation of the copper from the greenstones and a deposition 
not due to thermal waters, but rather to the chemical activity 
during the shearing, aided by a moderate supply of rock 
moisture. 
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Incidentally the question of the proper classification of the 
“ greenstones ’’ comes to the front. As shown by the author, 
in agreement with the geologists who mapped the quadrangle 
of the region, these rocks are not at all uniform, but comprise, 
within limited spaces, diabase, old basalts, old andesites, and 
various pyroclastic rocks. The quartzose porphyries are usu- 
ally easier to separate. It is rather doubtful whether the green- 
stones can be adequately described by the blanket term “ meta- 
andesite,” as proposed by Ransome. 

W. Linpcren. 
An Alteration of the Coast Range Serpentine. By A. Knopr, Uni- 
versity of California, Bulletin, Department of Geology, Vol. 

4, No. 18, pp. 425-430. May, 1906. 

Large outcrops near North Berkeley are shown to consist of 
mingled magnesium and calcium carbonates, with chalcedony, 
and to have been derived from serpentine by action of solutions 
containing carbon dioxide, calcium carbonate, and metallic sul- 
phides. Attention is called to the fact that similar rocks accom- 
pany the quicksilver deposits of the Coast Range in many places. 
The reviewer would add to this that very similar “ ankerite and 
mariposite rocks” along certain parts of the Mother Lode in 
Tuolumne and other counties have undoubtedly a similar origin. 

W. Linpcren. 
Ueber die Beziehungen zwischen Erzgangen und Pegmatiten. By R. 

Beck, Friberg, Saxony. Zeitschrift fiir praktische Geologie, 

Bd. XIV., No. 3, pp. 71-73. March, 1906. 

In this short paper, originally read at Johannesburg before 
the British Association for the Advancement of Science, Pro- 
fessor Beck calls attention to the close relationship between 
pegmatite dikes and mineral veins. At first the tin deposits are 
discussed and the remarks fully justify the above statements in 
the case of this special class. The tourmalinic copper deposits 
and the gold quartz vein are then mentioned, among the latter 
these of Beresovsk, Telemarken, the Southern Appalachian 
States and the Passagem mine of Brazil. Their points of simi- 
larity with pegmatites are strongly emphasized, almost unduly 
so it seems to the reviewer, and the somewhat forced pleading for 
a special case detracts from the value of the paper. While 
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Hussak regards the Passagem mine as an extreme case of a peg- 
matite vein his excellently presented facts fail to carry conviction 
to many. The Yukon quartz veins cited by Spurr include as 
yet no actually worked deposits. In the case of the veins of the 
Southern States it is safe to say that no direct relationship can 
be traced between them and the pegmatite dikes which are so 
abundant in the same region. Orthoclase and albite are of very 
rare occurrence. Tourmaline, apatite and garnet are occa- 
sionally found, but their presence does not seem to conclusively 
demonstrate the point made by the author. The closing words 
of Professor Beck seem to indicate that he considers the presence 
of certain silicates in deep-seated veins sufficient reason to em- 
phasize their consanguinity to pegmatites. To refute this it is 
only nécessary to refer to the great abundance of adularia in 
tertiary veins formed close to the surface. 
W. LInpGREN. 

Die Eisenerzlagerstatten bei Kiruna. By O. Srurzer, Freiberg in 

Saxony. Zeitschrift fur praktische Geologie, Bd. XIV., No. 

3, March, 1906, pp. 65-71. 

New observations from the wonderful deposits of magnetite 
at Kirunavaara and Luossavaara in the most northerly district 
of Sweden are always of interest and Mr. Stutzer adds many 
important notes to the previous investigations of Lundbohm, 
Backstrom, De Launay and others. The exploitation is already 
proceeding at the rate of one and a half million metric tons per 
annum and it is said on authority of Vogt that at Kirunavaara 
292 million tons of probable ore are in sight down to a depth of 
300 meters below the level of the lake. At Luossavaara the ore is 
estimated at from 500 to 750 millions of tons of which 100 
millions are available by quarrying. The deposit at Kiruna 
forms a north-south ridge about 4 kilometers in length and 
rising 249 meters above the lake Luossavaara which has an 
elevation of 729 meters above the sea. The magnetite deposit 
forms the highest part of the ridge and has ordinarily a width 
of from 32 to 152 meters. The ore carries from 67 to 71 per 
cent. metallic iron and is somewhat admixed with apatite. The 
slopes of the ridge consist of porphyry, but some distance to 
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the west there is some syenite as well as schists with benches of 
conglomerate and overlying quartzite. 

Petrographic examination of the soda-rich syenite shows prin- 
cipally perthite with some uralitic augite, titanite, apatite and 
magnetite. Much of the latter three minerals are clearly of 
secondary origin. 

The ore body has a dip of about 55° to the east. The por- 
phyries on the two slopes of the ridge are somewhat different; 
that on the western or foot-wall side is usually of greenish color 
and contains in a dense, fine-granular ground mass phenocrysts 
of perthitic feldspars and augite partly converted into horn- 
blende. There are two generations of magnetite, the later of 
which is clearly an immigration partly surrounding the feldspars 
and entering in them along cleavage planes. The rock also con- 
tains apatite. The apparently sharp contact between ore and 
foot-wall porphyry shows in detail a narrow zone of transition 
due to small sharply defined veinlets of magnetite which enter 
into the porphyry. An ultimate product of this zone is a mix- 
ture of magnetite with green hornblende, and contains vugs 
filled with apatite, magnetite and titanite. The main part of the 
deposits contains no vugs. The porphyry contains 6 to 7 per 
cent. of soda and about 61 per cent. silica. 

The reddish, hanging wall porphyry is essentially similar in 
microscopical character but contains much more quartz—71.30 
per cent. according to the analysis of Backstrém, and has been 
classified as a quartz-keratophyr. It contains fragments of 
the iron ore and of the other porphyry and is thus later than 
both of these. 

In some places both sides of the ore body consist of the less 
acidic porphyry. As stated the iron ore consists chiefly of mag- 
netite and apatite in intimate intergrowth. Other minerals, on 
the whole of rare occurrence, are talc, yellow mica, dolomite, 
pyrite and titanite. 

Many different explanations have been advanced to account 
for the genesis of this remarkable deposit. Hégbohm, in 1808, 
considered it as a magmatic segregation in acidic or neutral 
rocks analogous to the deposit at Tavberg and others in basic 
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rocks. The author considers that the form of the mass, the 
contact zone and its demonstrated continuation in depth speak 
against such a hypothesis. 

The geologists who first visited the deposit in 1891 believed 
it to be of sedimentary origin and De Launay has recently, in 
1903, attempted to defend this hypothesis. He thinks that the 
foot-wall porphyry represented a perhaps submarine flow at the 
surface of which gases of chlorides and sulphides of iron de- 
veloped and were oxidized to ferric oxide. A later eruption 
covered this deposit which was later on metamorphosed into 
magnetite. Mr. Stutzer combats this view effectively and then 
advances his own hypothesis, which is similar to that proposed 
by Loéfstrand some years ago. It is in brief that the ore body is 
a dike; the rock of which is composed of magnetite and apatite, 
consolidated together from the molten state. Irregular masses 
of pure magnetite in ores richer in apatite are explained as 
“schlieren” in a solidifying magma. The narrow transition 
zone between ore and foot-wall porphyry is considered as a 
product of contact metamorphism. The sequence of events 


closed with the irruption of the acid porphyry. 
W. Linpcren. 


Die Eisenerzlagerstatte Gellivare in Nordschweden. By O. STUTZER. 
Zeitschrift fiir praktische Geologie, Bd. XIV., No. 5, May, 
1906, pp. 137-140. 

The great iron mines of Gellivare in the northern part of 
Sweden produce at present about one and one-half million metric 
tons of ore per annum. Many investigations of this ore deposit 
have been undertaken, the most important since 1890 by Hj. 
Lundbohm, G. Léfstrand, Hj. Sjogren, A. Térnebohm and L. 
De Launay, but the views concerning its origin are still far 
apart; both the sedimentary and the epigenetic hypotheses have 
adherents. 

Gellivare is situated north of the Arctic circle and differs con- 
siderably from the old and well-known deposits of iron ore of 
the central part of Sweden. The ore is principally won by open 
workings, and its mineralogical composition is the same as that 
of Kiruna, i. e., magnetite and apatite. The ore is schistose, 
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conforming with the steep dip of the country rock and forms 
large lenses, partly imbricating on parallel strike lines. 

The rocks are chiefly gneisses. The red gneiss is most com- 
mon near the deposit and is often traversed by irregular veins 
of magnetite. It consists of albite with some quartz, chlorite, 
apatite and biotite. 


The reddish-gray gneiss is similar in composition but contains 


~ also soda-lime feldspars, microperthite, augite and hornblende. 


Both rocks are rich in soda. 

Dikes of acid rocks, locally called granite, but really a quartz- 
diorite or a quartz-keratophyr are cut across the ore body. 

At the contacts of the ore bodies lie coarsely crystalline masses 
of hornblende with some irregular masses of fine-grained feld- 
spar, which are locally called “skarn” from their similarity to 
the “skarn”’ of the central iron belt of Sweden. The latter are 
masses of hornblende, augite, garnet, etc., which usually lie on 
the contact of magnetite and limestone. These hornblende rocks 
are different and Mr. Stutzer believes that they correspond to 
the contact zone described by him from Kiruna. The ore con- 
sists of crystalline magnetite and apatite in widely varying quan- 
titative relations. Locally appear pyrite, chalcopyrite, fluorite, 
calcite and zeolites. 

The author believes that the deposit at Gellivare has a similar 
origin to that of Kiruna. Sjogren and De Launay believe in 
the sedimentary origin, and their views are principally based on 
the parallelism of ore and gneisses. Epigenetic hypotheses are 
advanced by Lundbohm, von Post and Lofstrand, the latter two 
considering the deposit as a magmatic dike. For the latter view 
speaks the tectonic relationship; the ore body is by no means 
attached to a single horizon in the gneiss. The country rock is 
probably a schistose, soda-rich igneous rock. On the whole the 
analogy with Kiruna is very striking. At both places the same 
genetic relations seem to exist; at first a soda-rich igneous rock 
of low to medium acidity, then follows an intrusion of ore- 
magnetite-apatite rock, lastly a quartzose soda-rich igneous rock 
was intruded. 

Gellivare is then simply a dynamo-metamorphosed Kiruna. 

W. Lrinpcren. 
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Ueber die brasilianischen Monazitsandlagerstatten. By A. D. DirseEt- 
porFF. Die Chem. Industrie, 29, 1906. Nos. 15 and 16. Pp. 13. 

Ueber einige spinellartige Verbindungen. By Z. Weyserc. Central- 
blatt fiir Min. Geol. und Pal., No. 20, 1906. Pp. 645-649, with 2 figures 
in the text. 

Undersea extensions at the Whitehaven Collieries and the Driving of the 
Ladysmith Drift, England. By J. SuHanxs. Transact. North of 
England Inst. Mining and Mech. Eng., Vol. 56, 1906. Pp. 184-192, 
with Plate IV. 

Untersuchung iiber die Bildung der ozeanischen Salzablagerungen. 
XLVIII. Existenzgebiet und Spaltung von Boronatrocalcit, Trical- 
ciumpentaborat und die ktinstliche Darstellung von Pandermit. By 
J. H. Van’r Horr. Sitzungsber, Berlin. Akad., 1906. Pp. 566-575. 

Vermeinliche Ursachen des Erdmagnetismus und seiner Storungen 
sowie der Polarlichter, Erdbeben, Vulkane, Thermal- und Erdgas- 
Quellen der Erde nebst Vorschligen zur Feststellung und event. wert- 
schaftlichen Ausbeutung derselben. By K. A. Lotz. Ungarische 
Montan-Ind. u. Handelsztg, XII., Nos. 13 and 14 V., 1 and 15, July, 
1906. 

Yttriumhaltiger Mangangranat. By Cart BEMEDICKS. 3ull. Geol. 
Inst. of Univ. of Upsala, Vol. 7, No. 13-14, 1904-05. Pp. 271-277. 

Zeehan School of Mines and Metallurgy, Zeehan, Tasmania, Annual 
Report, 1905. Pp. 170, illustrated. Launceton, Tasmania, 1906. 
Printed at The Examiner office. 

Zinc in Chihuahua. By Lronarp WormstER, Jr. Lead and Zinc News, 
Vol. 11, No. 4, Oct. 22, 1906. P. 9. 

Zur Chemie der Silikate. By E. Jorpis. Zeit. fur angew. Chemie, Oct. 
12, 1906. Pp. 4%. 
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SCIENTIFIC NOTES AND NEWS' 


THE NINETEENTH MEETING of the Geological Society of 
America and the meeting of the American Association for the 
Advancement of Science were held in New York on the 26th to 
the 29th of December. The meetings were largely attended by 
the working geologists of the United States and Canada and 
many valuable papers were presented. Those of greatest inter- 
est to students of economic geology were: 

Geologic Map of North America, by Bailey Willis. 

The Geologic Folio, by W. H. Hobbs. 

The Cobalt, Ontario, Silver Area, by W. G. Miller. 

The Virginia Barite Deposits, by T. L. Watson. 

The Controlling Factors of Artesian Flow, by M. L. Fuller 

The Galena Series, by Frederick W. Sardeson. 

Coal Measures and Higher Beds of South Brazil, by I. C. 


White. 

Origin of the Lead and Zine Ores of Missouri, by E. R. 
Buckley. 

Occurrence of Diamonds in North America, by George F. 
Kunz. 


THE PHILIPPINE Miner’s Promotion Association has been or- 
ganized in Manila for the purpose of disseminating literature 
throughout the islands and in the United States setting forth the 
general mineral resources of the archipelago. The officers are 
as follows :—Governor-General James F. Smith, honorary presi- 
dent; George Landers, president; M. A. Clarke, vice-president; 
N. B. McCoy, second vice-president; C. E. Hamilton, third vice- 
president; Captain Collette, fourth vice-president; George Mor- 
gan, treasurer; Chauncey McGovern, secretary. 


W. H. Emmons, of the U. S. Geological Survey, having com- 


* Geologists, mining engineers and others interested in applied geology are 
invited to keep the ediior informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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pleted the survey of the Philipsburg quadrangle, Montana, is 
now engaged in areal work at Bullfrog, Nevada. 

Frank L. Hess, of the U. S. Geological Survey, is in Cali- 
fornia, examining the scattered deposits of magnesite, and later 
will make a reconnaissance of the mineral deposits in the Llano 
district, Texas. This is an area of pre-Cambrian rocks in which 
iron and precious metals are reported. 

DURING THE LATTER PART of the past summer Dr. Whitman 
Cross, of the United States Geological Survey, and his assistants, 
Albert Johannsen and L. H. Woolsey, made a preliminary recon- 
naissance of the San Cristobal quadrangle, Colorado, followed 
by a detailed survey of the Lake City district to the north. The 
reconnaissance was necessary in order to correlate the volcanic 
formations of the Silverton area with their equivalents about 
Lake City, where the geologic relations and lithologic char- 
acters of the beds are in a large measure new and unusually 
complicated. The Lake Fork extension of the Animas Forks 
mining district was also investigated during the reconnaissance 
and several lead-silver properties were visited, but the remainder 
of the season was devoted to detailed study and mapping of the 
Lake City quadrangle, especially along Henson Creek and the 
Lake Fork of the Gunnison. This area promises to be the key to 
many of the unknown features of the San Juan igneous complex, 
for the various flows, tuffs, and intrusions which have been 
traced over several quadrangles, here exhibit missing links in 
their geologic history. 

Proressor Hans Hoerer of Leoben, Austria, is preparing an 
exhaustive treatise or monograph on the occurrence and origin of 
Petroleum. Professor Hoefer’s work on the subject of petroleum 
is well known and he may be mentioned as one of the ablest ex- 
ponents of the organic theories of the origin of oil. Geologists 
will look forward with much interest to the appearance of this 
monograph. He is extremely anxious to receive copies of all 
papers on the subject of petroleum, asphalt, ozocerite and related 
products, and we are glad to give space to his request that copies 
of papers on oil occurrences in the English speaking countries 


be sent by the authors for reference and consultation to his 
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address at Leoben, Austria. He will be much facilitated in the 
preparation of his monograph if English and American authors 
will extend him this courtesy. 

CHARLES Butts, of the United States Geological Survey, as- 
sisted by Chester Washburn and William S. Prouty, this season 
finished the field work on the Birmingham and Bessemer special 
quadrangles in Alabama. These two sheets include practically 
all the important coal and iron developments in the State, and, 
as is well known, are particularly important because, here within 
a limited area, are immense quantities of soft coal, iron ore and 
fluxing limestone. E. F. Burchard was associated with Mr. 
Butts in this field and devoted his time to an investigation of the 
economics of the iron deposits, and traced the boundaries of 
the Clinton or Rockwood formation. He also collected con- 
siderable technological data on iron mining and smelting. 

THE EASTERN COAL DIVISION of the U. S. Geological Survey, 
working in Pennsylvania, completed the field investigation of 
three quadrangles during the past season. These are the Johns- 
town quadrangle, done by W. C. Phalen with the assistance of 
Lawrence Martin; Clarion quadrangle, by E. F. Lines, and the 
Sewickley quadrangle by M. J. Munn. Special attention was 
given to the accurate determination of the structure in this region, 
which is important for its coal resources. 

GrorGcE H. AsH_ey, chief of the eastern coal work of the U. S. 
Geological Survey, reviewed the geology of the Punxsutawney, 
Curwensville and Houtzdale quadrangles of Pennsylvania and 
settled several questions which had arisen in the survey of these 
quadrangles. The Houtzdale has given some trouble because 
it is an area of extensive faulting, of variable stratigraphy, and 
of almost no outcrops. Ashley and Phalen also completed the 
field work on the Kenova quadrangle, which lies largely in 
Kentucky. 

THREE OF THE GeEoLocists of the U. S. Geological Survey 
have resigned this summer to enter private work. Their with- 
drawal is wholly due to the inability of the Government bureau 
to pay the salaries offered by mining companies. J. E. Spurr 
and G. H. Garry are with the Guggenheims. W. H. Weed 
resigned to accept a position as mining geologist with the Gen- 
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eral Development Company, 42 Broadway, New York. He has 
just returned from examining copper deposits in Mexico and 
British Columbia and is now in New York. 


Miss FLoreNceE Bascom, professor of Geology at Bryn Mawr, 
was in Washington during December on official business, and 
sails for Europe in January. She will spend several months visit- 
ing German universities and localities of special geologic interest. 


THE ELKHORN COAL FIELD in Pike County, Ky., was studied 
during the past season by R. W. Stone. This field was made 
accessible in June 1906, by the completion of a branch of the 
C. & O. railroad from Ashland. Several mines are rapidly push- 
ing their development and have begun shipping. Mr. Stone also 
made a reconnaissance through Dickinson County, Virginia, an 
area of several hundred square miles which is abundantly supplied 
with bituminous coal, but as yet has not been developed on account 
of a lack of transportation facilities, there being at present no 
railroad within the boundaries of the county. 

THE FLUSHING QUADRANGLE in Ohio, which joins the Cadiz 
on the southwest, was surveyed by W. T. Griswold, who worked 
out the structure in extreme detail. As this is a territory in 
which there is some prospect of finding gas and oil pools, and in 
which, as yet, there has been very little development along this 
line, it will afford an opportunity to predict the location of pools 
by a study of the structure previous to actual development. 

C. E. SreBENTHAL, of the U. S. Geological Survey, is making 
a special study of the lead and zinc deposits in the northeast 
corner of the Indian Territory, the southern continuation of the 
Joplin district, and will be in the field until February. 

F, L. Ransome, of the U. S. Geological Survey, who has been 
delayed by an accident, will be in Goldfield, Nevada, until 
January. 

T. Netson DALE has completed a study of the granites of east- 
ern New England, which is a continuation of the field work of 
the previous year on the granites of Maine. The report on the 
latter subject is now ready for the printer. 

Tue MaryLanp GEOLOGICAL SurRvEy has recently issued a 
report on the Pliocene and Pleistocene Deposits of Maryland. 
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